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Mewrrm?um 

To: Chief Engineer 

&om: E . W . I ; m o  

3.1bJect: oat:mete of the  ,mgnitude of t h e  dogradetion which w i l l  
r a eu l t  i n  t he  Eliddle Rio Grnnde River Channel fro= t h e  constr!lctian 
of tlio proposed sediment &ora&e baslns und contraction worlra. 

S a t e n e n t  of t h e  Problein - 
1. For o c m o i d e ~ t i b l o  n~m-bar of yearc t he  channel of tho  Middle Rio 

Gxande boo boon w a d i % ,  -mtl-l  it is now oerZ ouoly menac:!ng the welf ree  
of t h e  valley. For exmylo, the r iver  bottom i 8 now higher  than t h e  
e t ree to  of flbuquerq,ue, the  principal c i t y  of t h e  velley. Dot only does 
t h i s  o i tue t ion  tlweaten the valley with flooda, but t he  r i n i n g  bed cnuaev 

incrocoe in  the IieLtfht of the grotmdwater teble, whlch, i f  oclntinued, 
w i l l  wa.tar1.w tho ngriculturnl l m d  and thus  destroy the croyo of the 
v~J . l sy .  RenedLal masmen  .are nbaolxtely nsceasery i f  t h z s  valley i a  t o  
cont?.rruo t o  bo ?rod:~ctive. i 4 

2. Tho causes of t t l la  i i i tuation are two fold, (1) the use oP much of 
t h e  wnter "or i .rrlgotlon which f-rly flare6 d m  the  Rio Grmde River 
and ca r r i ed  d .cm the  s&-imnt braught i n t o  t he  &retun chonnel by t h e  
trJ.butarie8, nnd (2)  t h e  lncreflsed load of aediment brought i n to  t h e  
channel by t h e  t r t b u t w f e n ,  tnn a r9aul.t of overgrez lq  of the watershed. 
I n  recent ger logicol  time t h e  rfver  formed R valley in  whlch thore  waa a 
rough belance between the  slope of the river, t h e  stream riluchor&e an3 the 
mgunt of  sed.lmnt brought l r t o  the atream chrrmal. Undor thee3 condit ions 
the  ~ ~ V O T  cerriod awn ne~.rZ;g a11 o f  the oed:!& broyqht down t o  it, cud 
the valley f l o o r  hi ral sod only vary slowly. The whlte man has taken 
away from this sectiorr cf t h e  river 2 large yr& of' the flow wldch it formerly 
had and hao increaoed t h e  mgunt of t h e  sediment brou&t In, with t h e  r e s u l t  
t ha t  the reduced flow is insuf f ic ien t  to carry t h e  increased load of eedimnt,  
and a large dspoaS.tlon i s  mcurrlng, which I s  raising the river bed. 

3 .  To pro tec t  t he  valley agein& t h i a  menace an erqineoring p l ~ n  
Itcs been proposed by t h e  Bureau of Reclrslatlon end t h e  United States 
Engineer Department which consis-ka, 3.n the m!.n, of the  oonstruotion of 
three  lmge reeemoiru ?or the  temporary s t o r ~ g e  of flood waters end for 
tho  storage of most .of the oedimerrt which now cDmea in to  the upper and of , 
the K d d l e  Rio G r a d e  Valloy . I t  3 a expected that t h e  mount of sediment 
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* but w : l l  bo tipped Jn the opposito d.irect1 on, and tha t  the preoent rsdaced 
r ive r  flow will then be more t,hm enough t o  c q  out the reduced load of 
sediment slrpplted t o  t h l  e stretch of t h o  r iver .  The r iver  flow wlll there- 

\ fore pick up from thc  bed 8ome of the materiel formerly deposited and cause 
a 1.clwcriq o f  tho  bed lovela, t h - ~ u  reducing t h e  groundwater levels  and in- 
croauing the  flood-crtrrylng crtpaeity of t he  r iver .  It vee aloo propou& 
t h a t  this degrad.lng octi on would be m t h e r  increased by t;he confinement 
of the r l v e r  below the demo t o  a nemm channel, which will i n c r e ~ s e  tho 
r:vorls ccpc?clty t o  ca r ry  aedimnt ond t hus  accelorute its rate of lowerin&. 

h .  Tho purposo of the study desorlbod i n  t h i n  report woe t o  errtimate 
the rote  a t  whlch t h e  lowering of the riveybed downstrenm *om t h e  sediment 
utorage basj ne LC!. 11 take  p l ~ c e .  Although the general prinoiples involved 
i n  t h i 8  c r o  well understood, the detail.8 of it have never bean 
adequately Btudied . Tn connect:on with tho investigation fo r  t h e  imprwe-  
ment of the I m e r  Colorado River, a sixnilerr stud:: waa made and many of t h e  
change8 which have o c c ~ l ~ ~ e d  there =re predicted. Dla t:, the  lack of time 
mil a r l u f f i c l ~ n t ~  t~deqrtclte hcrwl.edge of sediment t rmnpor t a t i on  laws 
harevel?, . i t  w a s  ilot then poaoible t o  make ~ d e q u ~ t e  quantative ped:ct?ons. 
A groat advcnce i n  lawledge of oedimnt eciance ha8 bean mado o l m o  t h e  
Colorado l i lver  studies were made, end A mch bet ter  technique of oolution 
hcls boen d.evelopea f o r  t h i s  & u Q .  3ufficient time p-nd fund8 have not been 
~ v t i i l a b l e ~  however, t o  col lect  a l l  of tlla data necessary for  a highly aocu- 
r e t e  solution, nor : 3 the  present Btote cf knowledge of sediment t raaspar ta-  
t l m nnd r-lvor ccour yet snfficj antly developed fo r  t M e  purpose. Tne results 
obtained w e  believed t.? be the beat t h c t  wcs possible w i t h  the r s e o m e s  
evnilable. The otr\dy has served, nc-rt on3y t o  give approxi,mate s.&imtes of 
dopdrzt ion r e t e  with t h e  confining c h m e l  an5 t o  poiat ozt the  further 
stcudlee which u r e  neceaaw %!;o perfect thee eetlmatee, but; also to point 
out esverel wf!:?~ Sn uhich theso ra te6  m y  be increased, in arder that the 

tude of the Icrwori~! r e t e  .mey be satiafactq . 
2oo~erct ion with other Agencies -- 

5 .  T h i s  s t ~ i d y  woa fnstigeted by the  %dimentation Subcowttee of 
t he  Fedoral Inter-Mency River Basln Co@ttoo, who cponaorod n meetlb& 
at Al'ouqxerque, Ne;r I4exico, on Janu,yy 6 t c  9,  1947, t o  "reriev methods 
eppl. czlle t o  determining the effeotu of propoeed.. .reoervoire on sedl- 
mentation .!n the r;ver c h ~ ~ l n e l  Rnd floodwcys tlirolah the Middle Rio G~t4nde 
V c i l l e ~  ." In addit!.on t c  t h e  ropreoentetivae of t h e  Bureau of Reclamation, 
tiiis conference wet3 attended by men worn tfie Corpo of Engineera, Geological 
3mc~y, Forest Serv' ce a d  & i l  Cornemstion Service. At; thi3 w o t l n g ,  
methd.8  of  est;mting tho dcpedat:on wMch would result frm the reoervoirs 
were aeacr:bod by Dr. H. A .  EinstoTn and by E. W. k a .  It w a s  rocomended , 
by t h i s  group t h a t  t b s e  men be directed by t h e  Corps u? Engineers rnd C 



t h e  degrarlet-ion of tho VLddle Ria Gr&e Chennel due t o  the aedlnent . 
etorega k the proposed for l t a  I m?rmemet;t, which recommendation6 
were ag~?rover? by t hc  resyectlve orfymLzetlons. To supply d a t a  neaesoary 
fo r  cnrry:;rg put those  EFtudie3 o jo int  Frogram waa w e e d  upon wh.Lch worlld 
conai  st of : 

a. The collecti.ag togetllor of n l l  data m the  mechaxJco1 amlysen , 

of t h e  riverbed m~terials by the Soil Consorvation Service and t h e  C O r p B  of 
Enp;ines~a. 

b. Three borlngs In tho riverbed, and nume&s probinge e t  ranges 
obout 10 milea ap-, together  wS.th mechanical aneljrsi~ of the ~emploe  
A.m the  ve.riou3 depth8 In  t h e  bor:ngs. The field work wno* t o  be c m i e d  
out bv the Corps of Engineere, end the laboretory work by the G e o l ~ g i c n l  
b b e y  . 

c .  A longi tudinal  profile of +,he river in 1936 Rnd 1941, a d  
characteristic cross-aectLons of the floodwaya t o  be compiled from tho 
records of t he  Sail Conoemat:ion Service, Carps of' Engineers, nnd Bureau 
of Reclamtion by t>e rerrpectlvc orgwl zatione . 

d .  Smples of ouqended sedimnt end of bod mate r ia l  t o  be taken 
at a n1mbor of' gagaing s ta t ion0  by t he  Goologiaal Survey and bI~c l~en ica l  
enalyses ~ n d e  of then. 

/ e . lrlar d:waticm ctuveo of t hc  river at vsrioun key yol t l ts  for t h e  
years 1936 t o  41, t o  be compilod by tho  Bureau of Reclnmatlcn. These 
~s~l lgnmento web. carrled out by t he  reapectilve agonciua cnd the data t h u u  
collected form$ t h e  b n o i u  f o r  this study, 

6. This report  1 e 8 recmd. of t h e  degradeti on eot!,met;a preyared, an 
s ~ w e z t e d  tz t h l  s m e t i n g .  

Methodo of Computation -- --- 
7 .  Tho ~ct t rod  of computoticm of t h e  rete nf degradation omaisted 

of dlvl.dinp; tho river into sect ions  or rencheo and. conl~utizg t h e  rolunt6 of 
dedimnt c~sr.Led out of each seatLon by the fliming water. Tho difference 
bctwecn t h i s  vol-.une anrl thzt h r o ~ @ ~ t  in to  the sect ion firm. the 'aection f npetreac? muld be . h e  deprdation i n  t he  sectLm. Xnce there was somo 
lsoal sediment inilovp and some aediment vcs ~11.80 removed i n  t h e  Pr rhgnt ic r ,  
wcter, c o r r o c t l ~ n a  wzre tmle t o  account for t h e e  q u a n t i t i e s .  ,5nawlng 
tho  not velum of mtorictl removed per yam f'rm emh aection, tho everage 
lowering of the rlver chtznnel was readlly oomguted. 

C 
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8.  Tlio sediment removed from the  bad by c l e a r  water conislatu o f  a 
+ larger p P o p ~ t i ~  of ma11 prwt!cle sizes t h a n  existe in the bod material, ! 

which cnutltie, the bed m n t e r l n l  t o  bccm-a ,grRduclly coarsor as time gma on. 

Covoloped t o  enable exact prodictiona t o  be nado. I 
1C. Tho most i n y u r t a t  conclirslon *om t h e  s t ~ d y  i s  t h a t  if a confined 

channol i s  c?nstructod below t h e  sediment s t o r q e  dans i n  which the sedi- 
b 

meat picked up from tho bed i a  c a r r i d  through the length of the channel 
t o  t h e  lower end, ~ v i t h o u t  dop08Lt aloq th i  e course, tho r a t e  of dsgradction 
v'- 11 very probnbk  be+ oo low as t o  be unsnt: sf a c t o q ,  and t h a t  at aom . 
accmpllsl: dapudnt ion  o t  e reneonable r e t e  it w l l l  'be noceoaary t o  a t o r e  

pic5 !rp motiier load of rsedimont r'rm t he  chenn~l bottom, thus incroaaing 
t h e  r a t 0  of deg r~da t i on .  The ro te  of lwering w i l l  depend upon the  number 
of Limos the snmo water can be induced t o  pick up a l m d  f'rm tho  channel 
bot tan  rind dep9sj.t ? t in R p e p r e d  pleco outside t h e  chcmnal. It waa not 

. 

poss lble  i n  theoe  studios t o  detemdne thia. 

11. Even w i t h  very fuvorablo nsilu_'~Irt;ions on tlra depth t o  which tho 
I 

f l v ~ l ~ 3  water t l u n s  over t h e  bed me to r i a l ,  t h o  rete of degradet Lon for a 7 
rogulatod channel. 600 feet wide, w l t h  peak flood flows in t h e  river rohucctd 
to 5,000 cis would reach only about 1.3 feet for the s t r e t ch  between L Y 1 

but bolm t h l8  point I t  would e5ther change very l i t t l e  or a w a d e .  The 
mepl i tude  of t h e m  chmgeo d u r j n g  the 50-yeer period i a  shown on Figure 1. . 

I 

natural charmel, sven if t o o  depth cf t h e  bed mater ia l  turned wer by the 
weter 1.n t.he nerrow chennel wan no greater t h m  3.3 t he  aide channel. With 
no chrzge of turnover depth, the inorearre of m i n n u n  f l a r  ?om 5,000 to 
7,WO cfo would incroam the degrndetion i n  t he  oontractod ch~ennel only 





or Iow-flow years as cornpal ;.d with avsrage years would not be great. The 1 .  

r e s u l t s  which would a c t ~ l a l l y  occur would be considerably influenced by t h e  1 

volume of sediment brought in by local. inflows. Theee occur only at unpredict- 
able irregular intervals, and their  magrritudes arc d i f f i c u l t  t o  estimate. How- 
ever, i n  cases these  infxows wotdd bo capable of beir~g handled separately. 

33. Tho com?utations shcwed that the depth t o  which t h e  bottom material  ' 

waa turned over  by t h e  ElstJing water had a large i~ l f luenco  on t h e  d e ~ r a d a t i o n  
dopbh. ii ~1ila13 change of: $a r t i c l e  s ize would a lso  cause c o ~ ~ s i d e r a b l e  change 
in t h e  do~radat ior .  depth. The computations also showed t h a t  the capacity of 
the strean to carry sediment was n very ilrtpofiar~t fac to r  in d e t e m i d n g  t h e  I 

Gegkdation rate. 

U .  The foregoing results show the necessity of fu r ther  s tudies  i f  t h e  
dei:radi.n,y e f f ec t  of the resen-oiss  i s  Lo be accurataly predicted. To determine 
the.extent t o  which the water can be induced 50 dfop i ts  load at selected 2oints 
outside the c t i m e l  and pick up a net: load from the  bed, n series sf hydraulic 
model Lasts should be carried out. The largo a f fec t  of t h e  depth t o  which 
the  bet  I s  turned over, on t h e  degradation rabc, :shows the importance of an  
accuratt: d~ te rn ina t - ion  of the depth to whSch this  .zcttion takes  place. The 
LnportanL effcct of pa r t i c l e  s i ze  on degradation rate  shows the necessity of 
an accurzte hokleago of the  s ize  of material  through which thezhanne l  muld 
run, and t t~erefcre the need to sup~leulent the 1.1euSer data on -this point t;y 
f u r t h e r  siilrtplinc. The l a rge  influence of the tz-ansporting capacity of t h e  
stream emphasizes the necessi ty of detemiinin;~ t h i s  capacity accurateiy, and 
reconciling the confl ic t ing r e s u l t s  obtKir~ed in esti :~iat ing t h i s  value bj 
r l iffercat  niethocis. 

&u,mtitative Iiesults of De}:radation Estimates 

15. The quant i ta t ive  r e s u l t s  of t h e  eskinlates of degr,\dation are given 
om Figures 1 arid 2. Figlire 1 shows tlla estiinated e f f ec t  of the reservoirs  , 

op':~'.s;.cci t o  reclucc flood peaks t o  5,000 cfs with  the  channel below the  dams 
restricted to a 60-foot width,  and no sediment storage along the channel. 
The depth to which ttic bed rmtcrial is assured t o  be turned over i s  2 fee t  i n  . 

the f i r s $  etretch,  Cochit i  t o  hlgostura Dan and 7 f ee t  boiow that  point. The 
niethod of  ~:rilkirili; these conrputations i s  given i n  detai l  i n  Appendix 2 ,  

*16. The results ind ica te  a lowering of about 1.3 feet  i n  the first 15 
years i n  t h e  s t r e t c h  from Cochiti  .t;o Angoatuni, b ~ t  lit610 cl~anfie f o r  the next 
35 years or to t h e  end of t;he period ztudied. I n  t h o  s t re tch  f r o m  Angcstura 
to Atrisco lieadbig, the  lonoring wouid continue f o r  more than 50 years,  reaching 
1.5 fee t  i n  20 pars and 3.0 feet i n  5U years, In tile s i re tc l~  from Atrisco 
Heading to Isleta ham che degradat;ion rerilchea U.2 feet i n  about 5 years, after 
which it al;l;rades back prac t ica l ly  t o  zero, a@n at t h e  end of 50 yenr.8. In 
t he  s t re tch  from I a l e t a  Darn to Sar~ Juan Heading it degrades a'oous 0.6 feet in 
the first 5 ysarc, but after that asgrades to zibout 1.3 fee; f icher than the 
elevation at the start at the end of 50 years. In Lhe reach front San dual1 
Hea&ns to the liio .hi.rcc it would degrade 0.6 feet  i n  t h e  first 10 years, after 
which it rerna;ins pmct icaxly  constant f o r  10 years and then starts t o  d e ~  rada 
again, reaching G .  8 f set #at the erid of 5G years. 





t o  : ;ar t ic le  s i  z r  c31.~yiosition, arlcl t he  assur~lptj c n of s l ighCly  different. bod 
size con~~ios i t i ons  lcrould have ]>roduc od consf dc.rbbly dif f f?rant rcsul t3. Since 
tlie pauci ty of slzo iir!slysis data of the  bed i~rciteriul rlid not cstnbl ish  the 
t rue  avr:Isu j e  s i m  very C O ~ I C ~ I A S ~ V C ~ ~ ,   he co~,~pu La6 vaiuur, of cr:i;radation could 
r ~ o t  lit3 ; , o s iL ivc l . ~  estai, l ished. Ariy clt;rli!;c i:~ t h e  p~ir~t..icia size, tlowever, 
~0uI.d h t ~ ' ~ ! !  chrin,;cc! the R!:,ourtts of de.pitiiitiorr i~; t h o  various ~ect ior l s  
rel;~)t:cl t o  c ' i r ~ l i  u t i ~ t ! ~ ' ,  L L I ~  would not ct;ru:ce the   tot;^; n,i~ount grea t ly .  frlthough 
t h e  rccu l i s  o L ) ~ ~ t i r i e d  arc! thereport: [lot nccessax.iiy cxnct, &lie order  of 
~nagriitucie of t t i e  r:c,r:~dation i n  belirrvca LO be c o r r a c t ,  Sirice the ~ t l i : l r i t ~ c . j e  
of thc dol:r;datiorlr co:t~puted are gc~rrcrallyv qi:ite srnil:Ll., i t  t\rerefore can be 
cor~cludcd t h a t  thc? r1r:::radation which tro~ilc! resu l t  with t h e  conSir.od cha r~ne l  
dowitstrenrn vr j .11  be t uo  stna3.1 to be of rr:uc!-, valuc. 

18, I n  computing t h e  mounL of de,:radation cert;Flirr assut,ptions were 
rrlade whic!i wt:r.e r;ecedsr;ri.lS. sorilswk~at nrtii  t rary. ' the  a f f e c t  o r  different 
aasu~i.~.lLitms was t he re fo re  ix ivcs t i~ ;%iod .  ?he f low each year was' nsscned to  
be equal  t o  tlte averuge flow. T!le ae,rasiation wt.;ich would occur i f  the first 
f i v e  years were the  care as thut of thc f i v e  (!ryest corlsecoiivc yesrs, was 
deteni~ineci. l h i ~  i~ sho\t11 on Curve iio. 2 of Yii:ur.a 2. A co~n;~arison of tlllis 
curve with zur?re iio. 3, w?~ich LP f h e  curve f o r  average flows, shows t?,z% tho 
d e g r a d a t i o ~ ~ ,  rrltl1ouf;n s x a l l o r ,  i s  o i l y  s 1 i t ; h t l y  less than  f o r  average flows. 
Sir~dlarl;.-, t h e  f i v e  wett,est y ca1.s would pr*oduct. only all.bf-itly :?ore tf?ar~ thc! 
averdge det,lSadation,.as shokn~ 1)y Curve iio. 5. l'he e f fec t  of a chail,c in tire 
? a r t i c l e  s i ze  used i.i shown by Curve  No. 7. 'This curve shows t h e  coi;i;.luted 
degrac!ation f o r  a 'bed i~~ateri t l l  firlcr than the size j.nc1.i.catec.i by tbe  I~or inga  
as shown on T b b i e  1. 

1 .  The clsgrac!at;ion ccmaputations, i n  zericral., were based on t he  average 
ennud. trru~nportirit.: cai~trcl-ty of  t h e  streanr f o r  coerse  load,  d ~ i c h  was csti:,kteci 
t o  be 2,350,OC'i) tons p e r  year. Thc aveIaay,e a m ~ u a l  s2dirrlt:nt load con12uted from 
o sechnellt r o t i r ; ~  curve f o r  cuarsw load and a11 average flow duration curve 
was four~c? t o  be ~ h o u t  9,000,000 tons. it i s  ;robable t h a t  the meesurcmsnts 
on which tilis m t i ; ~ ~  curve were based were taken a", narrow scc t i on  dcring a 
Lime whcr~ the  r iver  was tlecpuning this sc-clion ar~d when i t  was therefore 
transportit~g :;rrolbe :uatt.r.ial thmi under average concLitiuiir. It ic. believec, how- 
ever, t h a t  t h e  ;2,35~,0\;0 tuvis :is tt ~nich more re l i ab le  valuc. lotrcvor, the 
degradation which wobld reoult if the, 9,GiX),i)OO Lolls were c c r r o c t  was computed 
and shown by ::limes i ; ~ .  6. This stlows t h a t  ~ n a t e r i t d l y  :;mat;ar degrad&ticxi 
would r c s u l t  if tho " i r a ~ l s p o r t l n ~  capacity uf t h e  r ive r  wes ,!rehter. The e f f e c t  
of i r l c r c n s i l ~ ~  the  vtrlue cf the i,eal< dLcchacge t o  7,530 CIS wns also ~ t u d i e d j  
as S ~ O W ~ I  i)!: Curvc! &o. 4. I n  t h e  first ~ t r a t c h  this d i f f e red  very l i t t l e  f r o n  
the ~,JL~cI C I S  V ~ ~ U C  AS skiown by Curve 35. 2 ,  Ut t iougf~  the 7,520 cfs flow will 
car ry  r;iateriall;r Irore sediri~ent than tile 5,dOU cfs fluw, these flows occur anly 
a a~rlaU )tc l r . t  of tile total tinlr, aid the c f fuc t  of vuryirik tiis13 is t he re fo re  
not great,, Also,  tlla cf:'ect of che  i;rectc.r peak flow i c  largely of'f::et by t h e  
shox.ter ielij;th of' ticie it flows, In thew cor;l;~utations, howt.v;~r, tha depth of 
turriovc?r of t t l e  Lotto~n ~ i t ~ t e l - i i l  was ass~:ieC! LO be t h e  san~e. Sirlce the d e i ~ t h  

&or the l.lly,iler peak flow wu\lid probably be i;rerrter, ,tho clegrndation r a t e  fo r  
t h e  hi;:her .ieak. discharce w0rd.d be rula*,ively SreaLer than these studies 
indicated. 





20, As previously ata tad,  tho  de@?nilatlon rn to  w l l l  be small {if a l l  
t h e  8ed:lment i s  c m - l e d  t o  tho lower end of the ~ h e n n e l ,  and t o  a t t a i n  R 

l w g e r  r ~ t e  ~t w i l l  bo neceaaarx t o  otore the conrne aedimnt at heiieter- 
mlnud point8 n l o w  t h e  atream. The  mount of degradetlon w i l l  de>,end lergely 
upon t h e  number OP t i m a  the  0a.m wntar crrn be lnduoed t o  pick up 'a lorid 
of sedjnent *om the bed an8 db r )o~ l t  it outside tlis c i~nnnel .  Tile portion6 
of *he yreaont channel not uaed. i n  t h e  contracted eectiun con be used f o r  
deposit ing the excavctod oedilront , end posuibly wa&elandn can be r t t i l i  zed 
for this pmpoae. 

21. Tl~e beet procediwe for the aoillrmnt dsyosito t o  occompllsh t h e  
degradnt?,cm can beat be worked nut  by Eydre~ilic Lebor~ to ry  s t ~ d i e a ,  supple- 
mnted bx a limited mount of eqsr:mentatlon on the rivor I t se l f .  So fer 
eta poo:glble, t h e  ynctsdure of overbnnk d.eposition oliould bw combined with 
t h e  contrwtim of tho chonnel. A grea t  numy pous:ble achemes MLgllt be uuod, 
and an extenoive llrboratory f nveetigation will be nooeaaary . Considernbl* 
work of value a l q  thew llnarj has been done In 1ndj.s. Ob~e-t i~ns recently 
rzde on rivero in t h i o  count r j  fndLcctc t h a t  conaldercible pro6p.eas can be 
W e  &long th? s 1.Lne. Moot engineering yrogreeo i s  nnde by finding out t h e  
law3 of nature ELnd tllon a o t t : ~  up tho  condFtions i n  suoh a ~ w s y  t h a t  nature 
~ i l l ' w ~ k  t o  accompEoh t h e  deaired end. Tho work on zecalorated channel 
degradation would be condaoted by warking out t h e  c m i t i o n s  which would 
best f a c i l i t a t e  the action of the rivor in naviw t'ne sediment f'rom its 
c h m e l  jnto t h e  depooftion oreoo. 

22. A eubst;nnt<nl cLclvmt~e of the  nothod of producing degreda t im bTJ 
deposit-ion n l q  the cflonnel io t h n t  m c h  of the degraded material  w i l l  be 
kept out of t h e  Elephant Butte Reoomoir, pad t h e  c a y ~ c l t y  of t h a t  r e e e m o i r  
v l l l  be kept uvalhblo  f o r  w~.ter Storage t ' 3  t h i s  ejctent. 

23. Another ponalble mothod of i nc re~o ing  the  degradntim. rcte would 
be t o  locato t h o  channol where the ~ i z e  of s eh tmn t  was mall. To do t h i e  
it wouM be necessnry t o  determine bj moana of borirgcr ond size moQsle ,  
t h e  p&t; of the won between t2?o levee8 where t h e  s i z e  of bed material 
was txd.3. and run t h e  cnn t rmted  chrnnol t.hro~@ these portions. Whethor 
or not thj.3 met?lcd i s  p r a c t i c a l  could only be determined by f u r t l ~ e r  inveati- 

which 13h0uLd 'be mads. 
1 

Effec t  of Vator Temperrtwo on Detp.ndat:on Rate 

24 . Sedimerrt noamro~ento cm t h e  Luwer Coloredo Etlver ohow t h c t  for 
t h e  same discharge thin stream csrrieo muoh more sediment in  wintor t h a n  Ln 
ounmer . The c ~ u o e  of' t h l o  i a  not; d e f i n i t e l y  established, but the no& 
likely explenation aeens t o  be that it l e  a temporatwe effeot .  If :it can 
be dofin:tely eatabliohed that t h i s  ie t h e  caoa, t h o  tamper~ture of t h e  
wster may hcve an Important e f f e c t  on t h e  r a t e  of degredation. 1% oemch 
for taqernt iuro  data on tho R",a Grande wnter  f a l l ed  t o  loca te  any infor-  
mation excopt for t h a t  obtclned wit11 recant nedimant measuremento, I n  
ortior to detcrmlne wllat the  cause of tho vtlriat". Tin oodiment owry3ng 



temperature wau studied in soma d e t a i l .  Aopendix 111 gfvee the  re&uLC,s , 

of t h i ~  u t ~ d . 1 .  
I 

XJn.1-L of bgndntLon 
f 

25. aino anglneoro wh9 have ~ t u d i e c ?  the dogradat1 on possibl1it:les i n  
t h e  Middle R!o Gr&e have been conce-med with tho poas5biPity the.% t h e  
degradat!.on migM be oo groat  ao .to bring very ili.nadvantageot\o affects, such 
3s t h e  undernsinLw cf hr idgeo end d m o .  The &.adieu previously d.Lscuoaed 
:indice,te tha t  t h e  prirrcipal dl.ffic:tlty will. be :fi seourfw adequete low&:w 
r c t h e r  t h a n  frm oxceosive lowor.!.ng. Tilo prosonce of il;rcvol &ratn,  aa 
ohawn by the  borlngo, i-rldlcete t h e  U'mit t o  which dsgpe;dnt.lon could be 
emected t o  go, oven d . e r  m~cil noro favora%>le cond l t lms  fox dee;r&at:i on .. 
than actaal ly  c x l s t .  Theso depth6 vwy Crom about '7 f ee t  a t  Sen h l i p i  t o  
10 feet r.t Albuquerque ?nil t o  15 f ee t  n t  L s m : t ~ x .  These we the dj.stance8 
d m  f'roa? the paoen t  axrf'ace, and tho depth below t h e  bed of t h e  r l v e r  
before t h e  recent .rap<d. eggradstion i s  t i lerefare conaLdercbly less t h e n  theae  
values. Should de3p-detl.m becmlte oxceaoive, t 3 a  lareri- could be greatly , 
r d n c e d  by p.llotlriA7;i t!?e r !var  t o  r o t u r n  t o  ite nrrt;*za.l w5.atn by c e c o : ~  t o  
rz~in tn ln  the cantractlon worl:s or bg pu~taing down the r iver  some of the 
oed ilnent en%ering the sedlmontnti  on basino . 
F u r t h e r  Datn  and : 3 ~ 1 d - i e ~  R e q u i r e d  t o  ?erfect Eet imtea  of Demedetior. Retes 

26. Tnr eetim.teu cT f u t ~ u ' e  r a t e s  of dewdnt-Lon reached by t h i e  -study 
verd conoi,d,er.&lj. lsnuened i n  probpblo aoclrac:. by lad: of mfft,cient data 
r;zl t!le mchrzLca1 a n a l y s i ~  of t'ne rLvorbed m ~ t e r i e l a ,  b d h  on tile aur fnce 
anil t e l m  ! t . F g r e e t  deal. af W ~ C ~ P A ~ C C ~  me1lysLs work hao been done by 
$he )&I1 Coneervnt:on Sorvics,  b u t  t h i s  wa6 done f o r  the cletemxln:t?on o f  

r c l ~ t i v e  3ad:nsn-t c m t r l b t ~ t  ions of t h e  vLw3 ouo pert8 of t h e  i l xz tn~e  
baoin 'oy t h e  k e a v  mineral annlyo2s nethod and In tho  selact.;cm of aamgles 
onky 8md3 were teken, the coarser and Pinor matoricla b e i q  avoided aa 
unculte.'ble for ti12o purpose, To m3re an o s t l m t o  of degrad:~t9an. r a t e  of a 
oetlsfactory degree of escwacy it r;ll be neceouary t o  get  b syutomatic 
n e t  n f  bed urmyles coverl- tho ent.:.re length of t h e  middle r i v e r .  The 
omples  probcbkr ahould be telzen on o gr'd wdorr, v i t h  points aufflciently 
clot3eu sp~ced t o  gLve scc~rat,olS. t!ie average bed. conlpoultlon. 

E l .  The b o r l ~ a  mde by the  United SXatoc m ; n e e r  hprz-tnent cio prst 
of the cooperative progrcm are pact!cr-?lly t ke  oaly Znfomat!on c;hou:~ 
qun?t;te..ti.re@ the  cmpoai t ion of t h e  meterial an a2prociable distance below 
t h e  surface. This mater:.sl was very valuable in t h i s  study but the boring8 
were inz.uff'tc'ie:~t i n  nrmber t;c ..;.xm,re en rscct?m-ttc evereee of t h e  aubs:rface 
composit?c~ls. 14my 33re Y l ~ I l n r  bori rigs w?.th mach.mLcnl,. m l y s l u  of t h e  
meteriel ?t di f fe ren t  d . q t l ! u  wi 3.1 bc necessmy t o  5 na*me sufficient accuracy. 
These boringa should e l90  be mado on r, s l d  e y s t e ~ .  A lSm'.tod number of be?. 
sllrface samples and bur lngs  ahould aloo be made in the t r l ' ou ta r i s s  j u s t  up- 
d r e a m  from their rnoutf:~, :In order t o  gjve e s  reblttbly ae poes'3le t h e  
compoultloo of the  lorid br0lgh-t to t 3 e  rlver by them 1% - 7.. ?..$ cved 
that a lor:.% r.I.3, molmtcd Ln c\ truck c ~ l O  adveatageousLv be =laed r':: the 



- 
flrr t h i ~  p:jriose tc: c o n u t r u c t ~ l ~  m:litary tnlevkono lJ.neo. 

* 
28. AFI d:ac11~t?~(J. In  hpynrfL% XI, mcro : n f m t t i o n  on the dopth m n d  

w:4t!l of t ho  bod meto r '  r ? l  WXCII ' a moved by t h e  hi@ Aream f l a r o  is 
.I n e o e e a o n .  Fcr* t h J s  ~ m o a e  on m a l y s i a  should be W e  o?' recorde of bottom 

a c o i i  obtnined by c - m e n t  metor meeaurementc In t k e  Rlo Gr.mde end a im- i l e r  
rivero. A l e r ~ c  nlmber cf b o r i x s  3ho1tl.d be mcde in the rlvor channel and 
t h e  hole:, uhould bo ref".loit w:tk colored sand. Theoe dlould be mde a t  
but].! r-nrrcnr nnd w:dc aoct.!.ma of *chS river. Ry later exrxdnct.;.on of  t h e s e  

2. holen .Ghe dent11 i;-7 wl~l.ch they hnd b ~ c n  w::uhod uwzy would :3hm tho depth af 
bed mrwcrent . The b m i n g s  m?de .to detemLne tlia a:ze ccmpors.:ti.on of tho bed 
c o ~ ~ l d  be xood %or t h l  t3 purpose. 

29. For tho purnnaa of aec:irirq dcta cn the  de@h of  beit GCOLW nnd 
for ahecking t he  sccl.wt-!cy of t h e  EO%?'IR~.~ of estimating degradation rote 
uaerl i n  t h i u  &udyJ' datn on bed. c o q u i t i  on of the stlrface and subourface 
cf tile Lower Colarcdo River ohould be secwad . !Eke ra te  of depadation 
ol~owld then be e ts t imted  anb c:mpxed with obuomeil r a t eu .  

30. To secure more imnm-1at:nr- of the degrnciztion whfch has resulted 
on &her sctrerm d m r o  thc sod lmnt  lond has boea c i ~ t  ~ f f  by dame, doto 
sh0113.d. be seemed from .?a m q v  case0 a s  poaai.ble wllere th-i.t-1 has tckon pli~ae . 
A opecla l  &ady shoulci 'be in tila R3 0 G~onde %elow Elophnnt Butte Dan. . B,P compzring theoe rc tes  w'th bod raterial, alopc and tho flow c~golng t l~en,  
e fitrthor chock on the rn t f to  esbimted w a J d  be secwed.. This I ,nfomt ; rm 
wno.113 nLac l e  c f g r r s o t  vclrte !n the dos-tm of clam ?nd uther utruct~wos on 
many other  of t h o  d r o p ?  1 d e r  *stxd;y by the BLure.l:~ of Recfc?~ztion.  '. 

r 31. The se lec t inn  of a uV;-f~r;'c chc~ulol widtll for the eatircntee of 
d e ~ ~ & a t . I c n  rate in  L;!o reg~lnteiL channel wcs ,? very  ~ b : t r " i r j  one enil 
befwo z de tcmine t i  on of e w!ctt!l t3 mdcJ exbonaive s t ~ t d l e e  ~hon3.d be nade . 
TI-@ select lcn of t!ie best fom of' b*mJ;-protection works for t h i c  channel 
could be mterially sid.ed bx Hydrsul1.c Woorotory otudles. 

32. E l e  p:ll;.m q of tlte storngo dams w;th aedlmnt  1d:21 necoaoitete 
t h e  enlzrgarmnt of t h e  *c?rs(~fo c::puclty ~;?.CIIX tim tn t Lrm . i: -postponsr.zont 
of t h e  11eod -f th :  3 sdrl i t !m:-l CR.PFC-'.~Y mi gkt be obtc In& by f lush i rg  out 
~ e f i  o r  the aefiltaent fi-cm the bna'ne tn ds~o;~i.t.:.w arms ,j:tot dcwnatrom 
frcbm tlle d a m .  A 3  the r e % a ~ ~ ~ , r s  becrme nnrtlrlly ?:il l .  the  h o d  necoijoary 
to Zl'ml! o.dt t'ee ued > rent ,,.to l.anci a c t  lev013 abovo the p-oaan'i r lveybed 
wJ.11  b e c m  nva:.lable without t h e  ai;rrage of wi+'tor In  t h o  basins. Tho I 

fenslkl l" . ty cf oucll a p~-~.ced:re,shouLd 't?o atudt'&, mil b f  dac.trrhle: t h o  

I o u t l . c t 3  n the dime shc i~ ld  ba clsn'gned to aocmpl id1 It,. 

33. Unbr ox*din~wy crmd't', ons the  spec6 which : J f'L 11& w:th oeclimnt 
, wi13. becmm :18sle9a f o r  ?ny other purlrose. It wo~r l r l  be poas;bla, l ~ o w e ~ u r ,  

t o  x t i l l z o  the  ? a r t  of -t;lic a p c e  between t h e  (p.aina of s~nr1 far atorege 
of wxtsr, if dralne fix1 c m d u l t s  wore cm&ructed befmo t h o  depoaLta w 0 ~ e  





a DETAILS OF IBTHOD OP E3I'IWICIG =ADATIOM RATES 

Experience wlth degradation on the Colordo Rivor below W e  Meed 
has shwn tba t  .the .clear w a t e r  flowing f r o m  the  Lake picks up m t e r l a l  
the  bed ard carr ies  it d m d r o a m ,  thereby lowerin& or de~?adiw the r ive r  
bed. The cb i l l ty  of the water t o  carry the  fine particlea of be& material 
i s  very m x h  meater than i ts tblUty t o  carry the coaree pmt ic lea .  The 
w a t e r  therefore picko up from the bed mmh more of the f ine m t e r l ~ l  than 
it does of coaroe m t e r f e l .  Tllis proportion of f ine t o  coeree rmterial  
picked up i s  greater than the proportion of fiae t o  conrae m t e r i c l  of whioh 
tlie bed is ccmpooed. The r e su l t  is thrlt the f i n e  mote r id  In the bed is 
removed laster than the  coaree material end t h e  bad material remaining, 
graduaqy becornea coarser. A s  it baaornee coarser the nbiUty of the r ive r  
t o  remove 'bed materiel becomes less ,  Therefore, the rate  of the removal 
of tho bed deoraams axld a oanditlcm i s  appromhcd where the emount of - 
material becornso so amaU t ha t  the  channel praotioal-Jy ceaseer t o  dograde. 
A t  t h i s  tins s t a b i l i t y  o m  be oaid t o  be reached. 

The experience a the Lower CoParado has been t h a t  t l da  condition vaa 
reaohed i n  a comperativoly few years. Althou& the canditions on the  
Middle Rio Grande River are not emtl,,y the, aams as tho88 on t h e  -sr 
Colorado, the  oimilesity is great enough t o  inaure tha t  em action of tMo 
kind w l l l  occur i n  t h e  Rio Oronde . Any mthod devised for eetinlating the 
w a t f  on which ell resul t  from t h s  construeti on of the  proposed rese2*~oira 
w l l l ,  therefore, have t o  take t h i a  action irrbo account. Sa far a s  hm, 
no w h  mothod hae previously been developed end therefore, it wae necessary 
t o  devise one. The lack of a campletely developed scJience of sediment trme- 
p a t a t i o n  end depooitlon, the pauoity of quantitative da*a regarding the 
mataria18 dealt wlth in the Rio Grende, t o g e t h e  with em inadequate knovlm3,ge 
of the  action of the r ive r  on the  materiala oanposing i t 6  bed, has made it 
necessasy t o  make several aseuqtions end ~pproxlmatione in  developiw t h e  
method. The r e m l t s  obtained therefore, cannot be expected t o  be hi& 
accurate b ~ t  they are the beet tha t  uan bs dmleed a t  t h e  p e e e n t  time, c.sd 
it i s  beLLeved t ha t  they do indicate the  correut ordor of m@itude of tho 
veriourj effeota and indicate the  general oharwter of the  results which w i l l  . 
be aecured. They should be very helpful in  pointing out t h e  beat method of 
o q i r g  out the proposed plans and in skovia(r, what informtion i s  neceeeary 
t o  make nore accurate quantittive eatinstea. 

S5me the Qegradation which xiU reoul t  f r om the proposed reservolre 
w i l l  o h q e  with the paeroage of t i m e  and w i l l  vary i n  t h e  different  m a  
of the  river,  it wno deoided t o  W e  t h e  oomputetfuris of these effect6 by a 
&en method, divid.ing t he  river up into ~ t i m s  end estimatirq tne change5 
which would occur i n  each section during suc~oessive t i m o  periods of one t o  
Rive years length, followin& the  completion of the reservoirs.  

Stme the  degradation i n  any section of t h e  river dspende upon the exceee 
of t he  am~5zt of r~edinunt taken aut of the motion over tha t  bra-t i n t o  

I 



DEl?AT.L3 OF l.BlXOD OF E~~ mADAECOEJ RATES 

lkpmionoe wlth degmdatirm on the Colorndo River below I&o Merd 
has shown tha t  the  .clear wnter flmd-rg from the  Lake pick8 up m t e r l a l  frorr! 

tho  bed and car r ies  I t  danicrtream, thereby l arer iw  or demadiw the r lve r  
bed. The ability of the wnter t o  carry t h e  f ine p&icles of bed material 
i s  very much greater than i ts t b i l l t y  t o  carry the coarse garticloo. The 
a&er therefore picko up Prm the bed m o t  nore of the  fine material than 
it does of coeuroe m t e r l a l .  This proportion of f ine  t o  coerse m t e r i a l  
pickud up i s  ,wontier than the proportion of f ine t o  coaree matericl of which 
tile bed i s  cmpooed. The reeul t  i s  tha t  the  f ine nntorial. Ln the bed i s  
removed fas ter  than the  coaree material em3 the bed material remaining, 
graduaUy bocomee coarser. Ae it beuamss coaraer the ab i l i ty  of the  r iver  
t o  r eawe  bed materiel becornea l e sa ,  Therefore, the rate of the removal 
of the  bed deoreaeeo and a oondition is approaohed where the amount of - ' 

mterlal becomee so mall that the channel practically oeases t o  degrade. 
A t  t h i s  time s t a b i l i t y  can be nnid t o  be reaohed. 

The experience on the 'Lower Colarado has been t ha t  tFda condition m e  
reaohed in  a compratively few years. Althotqh the conditions on the 
Wddle Rio Grande River me not exactly t h e  saw 8s thoee on the  Laver 
Colorado, the similarity Is great er?ough t o  insure tha t  an action of th io  
klnd w i l l  occur i n  the Rio Qrande. Any method devised for eotinat1n.g the 
degmdet:on whioh w i l l .  r esu l t  ??POD the conntructim of the propoaed resmvoiro 
w i l l ,  therofare, have t o  take this action in to  account. So fsr ae known, 
no mch mothod has previous3y been developed erd therefme, it was neoeeeary 
t o  devise one. m e  lack of a completely developed euience of sed'iment tress- 
partation old deposition, the paucity of quantitative data regezdhg the 
rnaterlals deal t  Ktth in  the Rio Grande, together with an Inadequate k o a v l e ~ e  
of the nction of the  river on the materials composing i t 8  bed., has made it 
n e c e o s q  t o  ~ndlre eeverd. aorauu~ptione and approxlmtione i n  develqing the 
mthod. !rhe ren~l t s  obteined therefore, cannot be expected t o  be hl& 
accurate but they  are the beat t ha t  oan  be devised at the yreeent time, end 
it i s  believed t ha t  they do ind ica te  the  correct order of magnitude of the 
various e f fec t s  and indicate the  deneral aharmtar  of the  result8 which K i l l  . 
be aecured. They ehould be very helpful i n  pointing out the  beet  method of 
carrying out the  proposed plane and i n  shoving what information i s  necessary 
t o  make nore acournte qunntl*tive e s t imtoa .  

Sime the degradation which wi l l  reeult from the proposed reservolre 
will o h q e  ~ 5 t h  the paeenge of tine and vlll V P ~  i n  the  different  p a r t o  
of t h e  rivnr, it wae aecideh t o  make t he  ooqutat-lona of theee ef fec ts  by a 
s t ep  method, dividing the r ive r  up i n t o  ecnttions Rnd estimating tho changea 
wMoh would occur i n  each section during euoeeaeive time periods of one to 
five years length, f o l l c w l ~  the  aompletian of the reservoirs. 

Snce  tho dep;rcrdation i n  any section of the rfver  depends upon the excess 
of the  a n o i i  of ~edimexrt taken out of the motion over t h a t  hrouc,3ht in to  

I 
I .  
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-- -------. 
quanzrz;on in ouoli oection i n  enoh of tho Suctce65lm t i m e  p s r i o d ~  u a d .  
Tho motmt cotnirq i n to  t h e  section i a  mado up of the amount brought i n  
f r o m  t h e  a e c t ~ d  imediatoQ- upstrecn, and t h n t  which c m u  in *om l m a l  
i n i l m .  The mount which 8oes out of t h e  sectIan is that whioh t h e  r iver  
c a r r i e s  out plun that which ie diverted into irrigation ccnaln. The local 
inf'lcw am1 diversion3 werc estimctsd *om the best source8 of information 
avoilcble, en w l l l  be explained l a t e r .  The main river sediment inflow t o  
t h o  nppcr of the  aectlons into which the r ive r  WEE divided, wco based on 
the eotl~ato prapored in  having up the.gsnerel p h n  for the improfement 
of tho MLddlc Rio Gr~nde Valley. Tho moin r i v e r  aedinsnt i n f l w  far t h e  
eections bolow the,  upper one was $&on ao a computed sedimnt oxtflow of 
t h o  section next upstream. It wn'o, therefore, neceeasry t o  cornpie f i r &  
t h e  deycidation und eedlment outflow In the  most upotream s c o t i m  for t h e  
succe~oive time porioda m d  then ouccosolvely compute the effectm i n  the 
soct.ion next Am-drocm. 

Tho oectlons, or reaches, into which t h o  2-liddle Rio Grando w a 3  dividod, 
for t h e  *poses of t h i e  ctudy axe ah- i n  Table A, togother with other 
pertjnent d a t e .  

Tho oection8, or reaches. into wh5 rh +hn 'Sddle Rio Orando w a 3  divided, .. A-wle A, togother with other 

, 
DATA OM kIIDDLE RIO .SECTIONS 

. . - . . . : 3ectlo.n: Averwe : 
Section: From -. - '. T 0 :length- : mtur,"l : ' 

110 : Plece , . . P l a c e  : milas : vL~Itll ft : .Qea 8q ft 
: Cochiti : Angostwn 

1 : Diversion Dm: Diver3iop h: n.19 : l,O3G tt : l 2 g J O O 0 , O o  
: &oduro : ritri3co . 

-- 2 : DiveraLon Dan: IIeading : 25.'[6 : 1,200 ft : 163,030,000 
: PArZ SCG : Islets? 

3 : . IIeadixq -- : Mversion : 13.30 : 1,353 f% : 99,00G,C00 
: Isleta : Sm Juan . . 

, 4 : DiversLon : Heobi% : 24.16 : 1,050 ft : 136,000,000 
: :3nn J;lrm . 

5 : Reading : RJ.0 Puarco : 1 .  : 950 fi : .15,000,500 - 

The sedimnt inflow viiici: occtwa locally in the V W ~ O L L G  esctions was . 
telcon *on the o o t i m t e  prepared i n  the s&imert t irnl appendix of. thd F p h m  for developnent of the Xddle Rio Grende 2: Tflo cmountc end coqoa i t iono  
were taken i'rcm t h o  estimate nodo Ilr the general dealm of the Wddle Rio . - 

1/?2ml,oro refer t o  reference= et end of t h i e  rbport. 



woa t a k n  Qrsm uod-lnont mnnurementa mdo durlrq wmr flood f lowo :In the 
R d o  Grnnde, o?.nce mod of t he  l oca l  lrrflow comes d*wJrq sucl? porlods. The 
m~ount and cmponitlnn of' co~wse aediment taken out of the r i v e r  wr; t h  t h e  
imlgct ion  water wao estf.r;?ated from t he  amoimt of w e t o r  diverted cnii the 
coaree o&.inent concentrntlon and compoaition i n  the water st t h a t  point .  
It was aosmed t h a t  t he  cenel headgate was munIpulnted t o  redixe 1;he 
sed-lmsnt t o  a minimum and, thtsrofcrre, t h a t  the oedfmen-t; ooncontration of the 
water diverted woe half t h a t  In the r iver ,  

Duration of ).kin River Flow 

The dtcr~t ion nf Tlms or varinua ma,plt;uden which id11 exiot nt't;er 
the ,  cont*ruct:Lon of  t h e  flood control d a m  w i l l  differ 0Cm~ide~Fibl.y firm 
t h a t  wltich hria e x i s t e d  i n  t he  pact. It i8 sxyected t h a t  t h e  m i -  flow 
which v n i . 1 1  be pennittea t o  pesa d a m  the  r!.ver a t  tho upper end of tho 
Middle Valley %dl1 be 5,000 cfs. Occasional loce1 inflows w l 3 1  bring t h e  
channel fluwe abwe this cmount, buJ' t h e i r  dxrction w i l l  be vem short, 
and the  mount of water involved w L l l  be mall. 

Since studlea of t h e  operation oln t h e  reoervoirs was not cvai.lable, 
their e f f ec t  on the  d.urction was eatinnted Fy adjtlstiqs the ~ h n p  of the 
curve t o  redace t h e  &m:w flow t o  5,000 ci9o and inorenee the duration of 
flws ju& below 5,000 c f o  t o  pwi?e the onme t o t a l  qrlmti ty of flow as 
in  t h e  w w l c t e d  condition. It was e e a u d  t h a t  most of the  flow ebwe 
5,000 cfo which wae dored wouliil bo released. soon after the natural  flow 
had f a l l e n  below 5,090 cfs. 

4 

EhLn Rlvor Sedinsnt Inf L a r s  and Odtf l m r s  - 
iie _ ~ e v i ~ ~ s l y  stated, t h e  mount of sed imnt  c m i e d  by the r ive r  

into the  upper end of the Mddle Rio Grmde channel wfis baaed on t h e  
ostlmats of the mount of  sedlmnt carried by t h e  rZver in its pesoct 
f orgl, ~3 e;teMnsa Ln the  genarol pltlns for the hEddle Rio Grnnde  e Frosect. ,/ This  estimnte was based on r, c q l o t e  study of the weighto 
of sediment brought i n  by t h e  m i n  river r.nd by %he tributaries and the  
mestred dlspooit ion of it in t h e  e&~p.Eldction of the  valZey floor and the 
deposit8 i n  t h e  Elepllant B u t t s  Romrvoir. It we3 a~sumed tht t h e  mount 
of wan11 load (rrh 1.~11 wouSd include ell of tho  mater ie l  of silt and clw 
size) would not be chcmged by the conetructicn of t h e  d m ,  but t h a t  it 
would 811 paes witllout depoe't, t!rowh t h e  contracted channel vinioh it is 
propood  t o  build. It wao ass-m t h c t  the flood-sedimsat con t ro l  reservoirs 
would be oo maafipul8ted t h a t  d l  of the material of oand sizes  reaodUng 
them would be d e ~ o s i t e d  therein.  The amall qumtlty of mdimn% which Z 

woulr? come d a m  tne  Uyper Rio G r a d e  at- be removed from the coa r se  beposits 
i n  the r i v e r  channel between the mouth of the Ct~amn R?,ver ,and Cochi t l  Dam 
was assumed to be negligible and tho flow of coerae sediment at Cochlti 
was tfierofore neglected. 

-The e ; r t i ~ s t e  uf wdimsnt  carrj.ed by t h e  biiddle Rlo Crenda ~ d o r  present 
corrditiono, provioualy mentioned, showed that the various &retc!les of the 



of  bout 2,3f)0,00Q tone of cocrsc m t e r j  a l  par yew.  Coarae materlal 
being thet  p?wt o r  t h e  nedimont composed, of p a r t i o l ~ s  of sand and larger 
s ize8  or h ~ e r  than 0.625 m. This qrtantit;y i s  for t he  prevent r iver  
cond l t lon~  of m ~ & ~ l ~ t e d  flow5 and n9i;urnl rjver wldthe. , 

The reduction :)f t h e  p ~ &  flowa by t h e  reaervolre  kd13, tend t o  reduce 
the n E l i t y  of the r ive r  t o  c a r r y  cosroe sediment, but the conffinernent of 
the streanbed holm the dems v l l l  tend t o  increaue it. Tho mngnitudo of 
the effect of those t w o  o p p o a i ~  trends we8 eJt;Smnted by cnm~uting, by 
mems of oedimnt tmnjtportotlon fonmeltm, the averwe a m a l  a ~ ~ o u n t  of 
ced3.mnt carr ied by the 'megulated, mt-=el wibth &row lznd also by the  
regulated, confined width &ream. To get tile cepclcity of t h e  streom af'ter 
the chaseu a r e  made, the poaent  capacity of the  &reem, 2,350,000 tons 
nor yoor, vea mrltiglied by t h e  r a t i o  of the ccmputsd cepaCity of t he  
&plirted,conf:ned rri.cth &roam t o  the  cc)~uttsd capmi t y  Btrean in i t s  
weoent condition. The r e s u l t s  of these computetions m e  shown below. 

COI~PWD TOTAL iiET.JIJ~W LOAD IN FIRS 
bEEEXPCH FOR 31-ill COI7DI:TICJllS 

Total lo& 

Width = l,QYd ft--Flow duretl  on 

= 1,050 ft--Flar duratioa 
red.~ced to 5,000 cfs mlmm 1,090,458 

~ ~ i d t b  = 609 ft--~lat cturat:on 
re&~oed t o  5,000 c fa  maimurn 1,606,329 

Thie ehowu t h e t  the  effect of nrrrowlng the r iver chennel t o  600 feet w a s  
greater t han  the  reduction of peak discharge t o  5,000 c f c ,  e ~ d  t h e r e f o r e  
t1lc.t the Inl t ia l  ePfoct of the 'Lmprnrentsnt w33 t o  oomexhnt 'rncrcooe the 
r a t e  of t r eaapar t  of nedimsnt by the strcam. 

It v:Xl no d o ~ b t  be natlced tizat it would be posaible t o  uae t h l b  

conputeil o_urtntl.ty c ~ m i e d  rrnder the new set of cond l t iona instead of' t h a t  
obtalnod by t h e  yev',ously d,escribed mothod. Beccuse of t h e  lack of 
R O C W ~ ~ O  'm.swledC,c of the s ize  cornp08ltL0n of tflo bed mcterial end t h e  
t empra twe  of the water rnd bocttuse our howledge of tho fundansntcll 
thewJr of ced.:mnt trmoporte.tion 13 h e x a c t ,  it i s  bop-eved tha t  m o r e  
accurate ~ * e s u l t s  KIUU be svcusod b;y t h e  metllcd adapted. mls uses the 
theory t o  ccrrn?;~te only the relt~tive effect of the  changes due t o  the 
jrroposed pl-an and t o  depend ugon messmed qumt4tles  t o  q ive  the rate for. 
proeent c o n d i t ; o ~ n .  Both t h e  temperature and t he  size of bed material. 
have a lwge  effect on the mount  of ecdinient transported, a8 cmydted by 



the fomulae uoed, and %herefore the r e s u l t s  obtained by these formulae 
mte, val.ues which it wno neoesom to assume for t h e m  

believed t h a t  a method which would use t h i s  value for the basic qumtity, I 

anti mdLfy it by compu;t;p.tl.an, whore cmputatlon wae neoeesary, would givg I 

this materiel for varlous diechmgeo &own by the resulta of 8edirnent 
wtqUng obaervu%ions in the river channel. Fbl. t h i s  purpoee oedlmnt 
rating curveo at variouo polnts wheze data were available were drawn up, 
but when these curves were applied t o  .the dination curve of mean annual I 

flow they $eve man tmn-dal esdimont Sisohm&es aeveral times the  2,350,000 I 

1 
tone estimated f'rom measured volrzmee of deposited. material. Since it is I 

.believed thnt any error :n the 2,350,000-ton valus i a  much leso than t h l a  I 

would indicate, it w ~ s  ooncluiieb that the  uue o f  them ratiw curve8 was 
not desirable. . i 

The reason why the transportation of mxliment in suepenalon as 
-determined from sediment ample6 appewed t o  be BO much larger than that 

Composition of the Bsd Material 

Tf?e estimate of dqpidat ion i s  baeed on an Ini t ia l  composition of 
the riverbed material, which was tckan to be that exleting i n  the bed 

I rzver was determined From the s i z e  enalgeee made f'roa? the aamplea taken I 

I A s  diocuesea in AppenCUx 11, the depth to which the bed mater%al in 1 

&retch between Cooh. i t i  and t h e  &st~\ra Dam, the bed is compowd of 
I coarse meterial en& it 3.8 believed thet the depth which would be warked 

over by tine 5,000 ofs nnaxLmum fllowa would be mall. In khls  etrotch the 

I depth wna theref ore taken as 2 feet. Below Angoe+;ura Dam the r ivorW is 





(7) Cmpute t h e  depth r e m i n i w  i n  t h e  turnwer  z m o  ct t h e  eod 
of t h e  year and t he  degradat lm d i ~ i n &  the  yew, a l so  t h e  bod com-podtion 
at  the ond of t he  year, which w i l l  be used t o  compute t h e  aegrcdat im 
t h e  noxt yew.  The deyarlotion for  t h e  n o d  perlod was cmpputod by r e -  
p e a t i q  ateps 4 t o  7 inclusive.  

The f o l l m i r q  paregraphs give more detai l8 on how the  computations i n  
each of these tlteps w m e  mile. 

L i p  1 - - h e  initial corngoeltion of t h e  mi t e r i a l  i n  tho  turnover 
zone in each reach wau de~ermined f k c m  tho overwe cmposi t lon ae shown 
by tho  borings taken i n  t h e  river chcnnel, Tor the d e f l ! ~  which would be 
t m e d  cvor, aa previously s ta ted .  The r e a u l t s  of tbe b o r i ~ s  outaide 
the charmel were not included. The a i z e  composition wee d.ifided i n t o  
par ts ,  ~ ~ @ r d i I I g  to tile ~mericnn G e o p b s i c a l  U ~ Q R  glc la3s i f ica t ;  on, 
and the  percent of' t he  t o t a l  weight i n  eeoh a lze  rmgo vae determined. 
Asaming the t  ench cless of material nccounted for u depth of uo t e r i s l  
proyort ional  t'o ItEl weight, the  depth : i zo range I n  tho  twl- 
over zone was c omp~ted . 

Step 2.--The r a t e  at whlch r a t e r l a 1  i n  ooch .GU size rengo could 
be t rmsported ot t h e  beginnlw of t h e  first yerr wao oomp~ted  by formulee 
fo r  the  preeent condltlon of the r i v e r ,  w i t h  i t s  nat-ma1 width nncl ua- 
r%ulated f l w  un6 w i t 1 1  t h e  proposad nerrm v:dth and rqjul8tod fluw. 
!i?!o transpr&rt.ion r t o  f o r  t h e  s u ~ ~ w n d e d  load was c q u t o d  by t h e  

a -7 -9- KnUnoke rol t 27a1.d for t h e  bed load tho  o n r a g s  of t h o  K e l i n s k ~  
and ShokUtuoh 1 fsmEllne were noed. me t o t a l  load was trken as t h e  
oiln of t l l e  unspended load nnrl tile rveraGe o f  t h e  two e&:-mtes of bed 
load. The Elnattoiin btnl (mataritll) load f m l n  waa not uoed, oinco the  
s-izes inv~lved were too a m e l l  fm acc~ l r a t e  detorrinotion by th in  formile. 
Tho atraab forMula WRD found t o  give q,umt%t?es cbviouely conotdorebly 
too large.  Tllc flw canditions i n  t h e  nctmcl chennal were c ~ q u t e d  
~ i n r ;  t h e  ncturaf ~&d.th mad Ylaoniw's fonrmlc w;th a value oi. "n" of 
0.025, which i s  m nvsrsge velae  Saaed on mosurenentu Nld cmputetion3 
of' the U. J. A x q  Fqi~leurs. 9 s  olope of tilo ofreem vaa t ~ i n  *on 
the  river yrofile and t h e  m l m p w e d  width w e 8  taken frm the beat 
s v a l l ~ b l e  mipa. Fgr t h e  c o n t r ~ l l e d  channel a wldth o f  600 f ee t  was 
used. The m z m t  of mterlal trensported in suapens: on vas oormuted 
by t h e  he -1 lU .neko  relat ions,  ase~mci~rq there vrs one percent of 
!.hat a l e e  in the  bed arvl t h e  be8 load by t h e  &lohofrlitach formula m a  
conpul;ed f a  oeqh a:ze rage,  assmeing t h a t  the  en t i r e  bed mrs comp~asd 
of t h a t  ei ze of mterie3.. Tlle enount csrried. woe t a h  a 3  the average 
for t h e  various n: zsa w c i y t e d  n o o o r d i q  t o  t he  p m e n t s  by weight which 
each a i r s  f r a c t l m  oonposad of t he  b& m t e r i o l  detemined Pnon t h e  
borings. amouzte traoaportad by the KaE.nslre P o r m b  were uelgh4xxl 
according to t h e  m e  vhlc each s ize  r&ge cwared in t h s  M, as 4 explained in t he  ar t ic le  4 d e ~ c r i b h g  th&t formula.  



Tho mo?mts of bed and auepended load oar r i ed  of enoh 231 ze f r a c t i o n  
was computed 403: bcth present c l~anns l  conditions end t he  contractei! 
o h m 0 1  fur e number of' diecharges wi th in  t h e  r w e  of disohasgea, ae 
ahown by t h e  flow-duretion curvee,  . W m n t  rat:= c;crves f o r  each 
size f'rcdtlon were   pro pared showing t heo re t i c a l  re la t lon  of sediment 
discl~arge t o  wcter  dimharge ~rnder the80 two cond:Ltions. The mean 
a n n ~ ~ a l  t1:oaretical sediment dlschargre for t he  present  condition of t h e  
stream was then computed by applying t ho  vciluee indicated by the  rat ing 
curves f o r  t i 1 . i~  condition to the d.isohmgeo under 3~reswt  condlt iono 
cis indicated by t h e  flaw-duration curves. The total qunntftjl waa taken 
as t h e  sum of t h e  amounts far the var ious  size fract ior~s.  Tho mean 
ennunl theore t ica l  eedimn'c dlschm$e for t h e  contraoted channel and 
regulated flaw w a ~  3.; ~ L l a r I y  computed By cocrbiniw the   value^ from t h e  
sodiment load rating c 3 m e s  of t h e  contraateif c h a e l  with t h e  v~Lues 
f l .0~1 t h e  flow-duration o l m e  of regulated. flow. 

Step 3 .--The thinl. step wae t o  adJuat t h e  theore-ticel o m d E 9 d  
c a r q i n ~ ~ :  copac,i.ty for t h e  contracted channel t o  agree with the ubeervea 
cnrr;)liw c a p c i t y  of the  nat-ma1 ohannel. T h i s  was done by aasuming 
t h a t  the t heme t loo1  coaputed valuea for bath  present Nld fut-me om- 

diatrLbution computed bjr the two bed-load formulae far the regulated * 

flew anti contracted width. The  o ize  distribution for the suspended 
l o ~ d  was asswed to be t3e s a m  as cmputoO sl,~spended load for the 
Bcure condition. 

b%ep & . - - ~ l ~ e  depth i n  eech size r w e  carried out of the  recah 
wc.0 t h e  adjasted doythe coqutad in  tlre pravious stop, if  c eruf*ficle;lt 
depth of mater ia l  of t h a t  size was avai lable  in the  tumover  zone. If 
the deyth was inauffioient, the total molmt avallabk wds c w i e d  ou t .  ~ 

T3e local inflow of a e d i m t  in each s ize  r*mget in t o m  of depth 
over t.11e strertah ues next conputed, ELIXI R airnilcar oomputation was mde ' 
of tho depth for  ecch aize for t h o  sedPmnt oer~ied away by the irrigation ' 

water. The ccvlcentrction of sediment carrieO aue,v by t h e  i r r iga t lon  
w a t e r  w i a  aasumed to be h a l f  t h a t  of th.e comgutsd suspen2ted lo& i n  the 
contracted channel for t i lo next &retch upatream, This  rertuction of tile 
c m o n t r ~ t . i o n  of sdspended lo& wrte made to take care of the  effeclt of 



b compoaitfon during the yeat was then e e t i m t e d  by computing the depth 
of eaoh a l z o  r q e  rsmaining i n  the t u rnwer  zone at Llre end of t he  
7eeZ.j ass-aniw t h a t  t h e  Ini t ia l  r a t e  of movement ~ o n t i ~ ~ u e d  th rougho~~t  
the year. Far emh a1ze range t h i e  depth waa t h e  inltlal depth In 
the tlmaover eana, pluu t h e  depth bought  i n  by the oubflow from 
the reach noxt upstream, plus the depth bro~@t in by local inf lat, ' 
minun t h o  depth oarried out the irrigation w a t e r ,  minus t h e  depth 
carried out a t  t h e  lower emil of the reaoh. 

step 5 .--The average bed composition duriw t he  firat yeax was 
next com3uted by aesurrlm -i:het it was t h e  averqe of the  initiel cam- 
p o ~ f t i m  snd the final conrpoultlon ao computed ~ b w e .  

.%op 6 .--A revise l  compt~tction of the depth of material trmoported 
in the cmtracted chacnol was next made by-repeating t h e  l a t t e r  paz.1; 
of &ep 4, uaiw this avmage bed composition. To f a c i U t s t e  this and. 
subsequent compl;tot"~me, a d i ~ a m ,  as a h m  i n  the s~lmple aamputations, 
was drawn "2, ~ h w i n g  the depth trunsported ( i f  avariiable) i n  emh s ize  
r q e  for eecii yercent of t h a t  olze  i n  the t ? m o v e r  zone. Thlc wao 
done by plotting on Cartesian or ordimxq coordinrxtes f o r  sach  size, 
the da2th transported In 'i;lze contracted channel, a8 determined i n  2, 
- ans t  the initial psrcefi tqe i n  the t - 0 ~ 0 ~  zoner StrrAght lines . were then dra-m tb roug?~ t h e  oris in of oomdinatsa and thray-711 t h e s e  
points.  These l inea indiczte tho defiho transported for n?!. other 
bod compoa:tiona, assuaing t h a t  t ho  amount t r a r ~ s p a r t e ~  $6 prol~orticnal 
t o  tho  pe~centage of the  size in tho bed. 

5%ey 7 .--The m o u n t  of" P.twadatim was next computed by sl.~%.btraotiqj 
Porn t h e  total of the  dept;hs of tho various eize fraottona i n  the t m . - 
over zono a t  the b e i m i n g  oi the peria3, the t o t a l  of the depths of ..- 
these  size t r a c t  Ions n t  the end of the pericd. Prm&ho depths of the , 

vmiouo eizee et the end of the period, the i n i t i a l  oompouition for 
the next t f ~ l l e  period was computed. The depth of the turnovor zone was 
aeoumed to dscreeae try the amount of lutttr!,r.l romwe& by .the degradation, 
no new macerial being taken i n  a t  the bottcm of t h a  zone as the 
dagrdekl on o ont inued . 

Z f l ~ t  of VEC~OUS A ~ s ~ p t i o ~  

In wcrrking out the method used for ea t lmat ing  t h e  dqpodnticn rate, 
it waa necesemy i ; ~  make a number of arrsjtmptiono. Ssme of the asaumptions 
were mda because of lack of information on t h e  t r u e  action, and some 
wore made in order to get the  com~,uLati~n aimyle enough,* be prootlcable 
t o  scmputs. &me of t he se  assuptLono pohably depwt somswfiat f'rom the  
true oi%uet:on, In the  follmnp;, the probable reoul t .  of these departures 
i 8 consider&. . +. 

,The aseumptj.cn t h a t  t h e  InClw or' sed!meri* at Cwhi t l  l o  n@gli'&bla, 
I c  t oo  fevarable t o  hi&\ degrsdatlcm r e t o s ,  bit t he  mount i a  very mll, 
andl therafme tho error involved i s  also d. 



m y  be greater thtm the true amount far m i m u m  flme of 9,000 o.fs.  So 
l l t t l e  clatn on t h l e  point a r o  atrailable the t  it wns not pouoiblo t o  ~(nlre 
aacwate e%timates. If tho depths o f  turnovor were loo6 t h e n  '{ f e a t ,  the 
e s t i ~ n a t e o  of Cegra&ntion would tend t o  be t o o  large, oe shown by t h e  
results for a 3-1/2-foot turncver. . 

The ass.mption that t h e  ma to r i a l  on tho nurfeco of tho bed woo 
c q o a e d  of material of the average cmpositinn of t h e  turnover zone 
probably gives t o o  hiL& a companiticm of fine adzes in the bed and thus 
tends t o  give t oo  greet vnlues of ma"cc:l:ial a m l e d  out of t h e  bed. 

Tho eromqt ion  that t h e  removal of  material lowers tlje bed in proportion 
to tho woigilt removed rxoba.bly r eou l to  i n  t o o  b g o  degradation values, 
oince t h e  removal of the flneo probably increases the voide and thus  decrease8 
the denaity of tile material, arrd hemo does not deorense t h e  volume as f ao t  
as the weight iu deoreesed. 

Tllo a a m t i o n  t h n t  all. of the  silt a d  c l v  s izes  are removod t h e  
first year 13 probably SGi'IS. what t oo  favorabie, but  t h i n  m a t e r i a l  probably 
is ~smwd in a ccnnporstively few yeam. 

The see-we of weter from tile charma1 and its roturn at pointa farther 
downstream ca L-(iiiiqcqe water tenda  to slLghtly reduce t h e  dogmxnt1o.n from 
tho  vtrlusa cmputod . 

-- 
The ooaumption thct a l l  of t h e  d tmlc l  degraded fCDm t he  bed i~ 

carried t o  t h e  dotmotrean end of the n o d  downstream sec t ion  viLC,hoitt 
deyoslt tenda t c i d  t o o  low an a s t i na t e  of degradation, sincc fw eny 
prcmtioable method of c o n t r o l - l l q  tho a t r o ~ t m  width soma oedimein.1; ~ o u l d  
ewape from the chnnnel anii be deposit&, end tho clarified water would 
return t o  the  c k a m e l  egaln . 

f J l  of theae asaumptiona exce@ the  la& tend toward p r ~ d u c l n g  
=eater degradetion ra te3  than t h e  time rate,  uzd the resulting ra te  is, 
therefore, prabobl~  t o o  large in  l;he upstreem sec t iono.  Rowever, t h e  

- 
estimation of too hiph r ra te  i n  t h e  upstreen oectionv r c a u l t ~  i n  too 
law an estimate for the sections fa r ther  dcr~natream, and t h e  t o t a l  lauexing 
ia probably not far different  f'ron: t h e  t r u e  values .  
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[)no of t h o  uncertair l t ies in c!stimatFng the rate of dogradakion which 
Kill  tsko place bclvd tilo sedimerlt storage clans propsed in t h e  itiddle 130 
G~.ande irallcy is t h o  depth of tfle riverbed .mterj.a!, which is ~noved by the 
river during high flows. As discussed als&ore i n  t h i s  r epod ,  it i s  
expected tha t  tho  clear water released r^rort the rese rvo i r s  w i l . 1  pick up - 
iaateritll frot.1 t h e  bod of t h e  stream downst?wm from t!le d a 7 ~  a d  carp-- it 
on dorm t h e  r iver ,  causing tho riverbed t o  be lowered because 02 t h e  
removal of t h i s  transported tra ate rial from it. Obsemstions below Hoover ' 
Darn indicate t h a t  the f l o w  wil l  carry away a l a rge r  p r o p o r t i o ~  o f  the finer 
particles i n  the bed than it w i l l  c w r y  of t h o  coaraer particles, with  the 
r eeu l t  +hat the p a r t i c l e  size coxposition of t h e  bed tmterial will ::radu- 
ally bec~:~le coarser. For em:.pl  F i p p r e  1 shows t h e  increase i n  s i z e  of 
the  bed material  a t  S e c t i o ~  8, a short distance below hover DCme S i ~ c e  
a given r iver  flow can carry a lesser volurne of coarse ~ ~ t s r i a l  t h a n  it 
can carr;f of f i n e  material, this cozrsenin,y o f  t!le bed will cause the  r i v e r  
t o  carry aatray contL9ually o ~ r i a l l e ~  runomn,+. of mater ia l  as time goes on and 
the coarsening proceeds a d  thus rapicily reduce t h e  rate of deeradstion. 
After  a cer ta in  period of tinre t he  lowering ox" t he  bed, w i l l  be  nat.,li$ble. 

w The rate a t  which tho fine sand i s  removed and t h e  length  o f  t h e  before 
thc degradation rsto  bcco~nes n e g l i ~ i b l e  depends upori tno depth t o  which 
t he  riverbed i s  scoured duriri;; h i g i ~  flows, since tho amount o f  fine mater ia l  

* r h i c h  can bi! rmoved by tile r i v e r  depend8 upon t h o  depth of the material 
which coi-es i~:. contact with the  flcwin:: water a d  thus c ~ l l  bc carried atray,, 
If the  depth o.T scour i s  strall, only a U t t l o  fifie c ~ t o r f a l  can he c s ~ r i e d  
away before the bed becoues covered t&th coarse :,;aterial, but i f  tit% depth 
i s  groat, a l a r g e  mount w i l l  be carried away before the bottoln becot.wa 
t oo  coarse. The rernoval of the smU a m u n t  iil thc case of the smzll dep* 
of scotu* r.riU lower the  bed nnrcii less t h s t ~  %he rernoval of t h e  larfis amount 
i f  tile deptii of scour is great. 

Condition:; o:,~ t h o  R i o  Crandq 

The iliddLi: :!lo Grande i n  a steep .stream arld carries a heav;. s e d h e n t  
load. It i s  wide, shallow, and relatively straight, Tino channel i s  fre- 
quently divided by islacids, or takes ~dxiit is know, as a br t iCcr :  ~ a t t c r r ) ,  
although it i s  v e r y  wido atui shallow i n  si:w s t r e t c h e s  arid narriw and 
deeper ir. o t h e r  siretahes. In many respects it roserilbles numemus other 
rivers found i r i  t h e  ileston United States. 

Gver t i l e  past forty pars, t!ie discllzrges of t h o  Rio Graxde and other 
similar r ivers  31 t!ie western sttiteu h2ve h e i r  deterr:ikined t housu~ds  of 
t h e s  in hiel! areid low water crz:tditiorls. h each of these ~~ens~i remsnto  t h e  . cross--ssction was detenllilleci by frequent soundings across the  s t rean bed. 
It has ~ener313.2 been observed at thbse .*icissurenent sections that AB the 
f l o w  of wster i n  the stream increases, tl.le Gepth of tho f loth::  later 
irlcreases inorc th:m the rr trter surface 1r;vel rises. T h i s  indicates t f i a t  





bottom t o  lower tn ioe  as much ae tho water surface r ises.  When tho  flood 
c r o s t  i s  passed and t he  f:lr:w decrease$, the bottom begbs t o  f3.U in,  and 
when t h e  flood has passed, tha bottom has r.labn a u b s t m t i e l l y  back to the 
love1 vrhich axisted before the flood. This i s  shown by Figure 2 which 
gives the  changes whiuh Look place i n  tl~e riverbed a t  the  Sm I4arcial 
gaging s ta t ion  on t h e  Rio Orando River during t h e  year 1929, SEdlar 
changes have s o  frequently been observed in the  Rio Grmde and othor rivers 
t h a t  i t  i s  the  general  impression of many experienced stream gaging men in 
t h e  western s ta te6  t h a t  this i s  a eeneriil aotion of t h o  channel. fo r  stream 
of t h i s  type. They believe t h a t  k1het.i a floocl comes t h e  bed of t h e  stream, 
at  l e a s t  for . the  g rea t e r  \14rt of its length and width, saours down mate- 
r i a l l y ,  tmd r e f i b  as  t h e  flood rscedes. This i s  an opinion widely held 
b~ men gaging t,he Zio Qrande River, and it i s  re i t~ lorcad  by obsemetions 
t h a t  p i l e s  40 feet long driven ~uost  of t h e i r  length below the  stream 
bottoa are occasionally seen t o  riae suddenly i n  t h e  water and f l o a t  away, 
and bridges res t ing on &foot p i l e s  have Sean washed out during floods, 

Gnnf l i c t i nz  Iedence 

The evidence of the  e~qxnienced streaa! gagers artd other l o c a l  
obssrvers B ~ Q . . S  quits csnclusive, but 1:rhcn one s tz r t s  to exwrL?e the situ- 
ation q u a ; t i t ~ t i ~ d ~  1 1 ~  ;*LI'$ i ~ l t o  b ~ y p r i ~ i :  c ovidsrrce dlicil 
ser ious  quectlon as t o  the accuracy of t h i s  general impression, If the 
?Lo ?ramie ~cours dow. several f e e t  a77er euoslar.tiul?-y i t s  e n t i r e  width 
and length, it must move e very large qumtity of matar iz l  dotrn the r iver .  
Prac t ica l ly  a l l  of t he  mater ia l  transported by t h i s  c t r e m  i s  deposited 
i n  the XLephant 9utte Eeservoir. Frequent maaauremants navr been nade of t h e  
volwa of sedinent bein,: dcpositod in this basin and tho ~ I O Y X ~ I ~  i s  known 
wi th  reasofihble accuracy, !%a wo culrpwc t h i s  mount wi th  t h a t  which 
would ltave to be moved intc t,!~e reservoir  wi th  an average dspth of scour 
over t i l a  riverbed of a considerable depth, aa,v 1.5 feet, we f W  t ha t  the  
amount a c t u a l 3  deposited is very much less than would occur w i t h  this 
scour. :ie thus have the  conflictiti!: evidence of the  scou~ observed by the 
strean) Cngere a d  the laak of n cor r s spandky  amount of n a t e r i a l  depooi.i;ed 
i n  the  reservoir. 

h quruititiitive t . : t u ~ s  this c ~ r ~ i ' a c i  mby bc sb:ohl: 03 follows: The 
seci ion of t h e  Rio G-znde River fror.: ~oc21 i t i  tc Sar\ l;arcial iias ;; 1t.r.eth 
o f  160 d d o s  and sn average width of 1,170 f e ~ t ,  givi!~g it t euriace wee 
o f  22,790 ac~ws,  For each foot  of averago d e ~ t h  of scour, sr.sw.~in;; t h a t  
the wttsricl scoured out moved 3s fast as the water, a volume of 22,700 
acre-feeivroiild, therefore, be carried i n to  the  lake. The average s n t o d  

of material carr ied i r i t o  t h o  lake ?er year 16 13,2:76 acre-feet, of which 
only about 1,428 acre-feet are conposed of eand and l a rge r  sixes,  such as ~ u l d  
be scoured out of t h e  stream bottom. Since fl.oods suf f ic ien t  t o  scour t h e  
rivsrcbed occar p rac t ica l ly  sverJ ;rear, it i~ ev5.dent that t h e  average 
deptl. of scour durGg floods, eve11 if a l l  the  Ceposited aozrse ~:lateri::l 







-- " -- 
riwrasi if they flow in alluvial beds, consiet of 8 eerGs of b d e ,  
hotwean which are stretches of more or l e a l  straight river. k the 
etxdght eecLioris the  rnain channel of.  the river ueually aroeses fmm _one . 

* 
aide af the river to  the other, and the place where it does is cd2ed a 
cmssbg. A t  ordinary stages tho bends are usuaUy deep and relntlvely 
narrow and the  crossings are wider and shd.lowero 1 

fn piw,pe 3 are abw~~.wd ranatically (A) o t y p i o d  cross-seotion of 
a large river at a bend and a typical crose-sasotion at a crossing, 
The water level  at m e d i u m  stages is repremted by the Unes b and b', and 
at high and l o w  discharges by a end at and c and c l ,  rospective~. ,At 
i:.edium stages the crosp-sectional area of f l o w  I s  about the  same iib-tiith 
cases and the velocity of f l o w  is consequently also about the same. In 
floods the water level. reees t o  a arid at, a fise of ap~roxim9tely 1;he BQZM 

height above b and bl. Because the width in the  crossing is considerably, 
greater than in tile bend, the r i s e  of water level inoreases t h e  cross- 
: seation in the  crosrsh;; more than in the bend, and, therefore, makes the 

t o t a l  cmys-sectional area at the  cmaaing ~reater than at the bend. Th3.s , 
cause8 a lower velocity at the croesing than at the b d ,  and therefore . 

tend6 to prodwe lees  scour in the crossing than in the bend. In Low 
water the o p p s i t e  action takes place, The m a  in the ,bmde beaome,. ' 
large* than i n  the arossings and nore s c ~ w  takes plaee on the cmsshge. 
In high wder, then, t h e  poala usualIy eaour out and at t h e  crossings 
deposit takes place, uhilr dalng low mter the orossings sfowout and 
the bends fill up, This i s  n xell-ostabllshed phenanena in large allukhl , 
rivers, Since the caditions in the irio GraruLs differ const~derabl$ from . 
those in the Large rivers mentioned, it was not hem to what extent this  
action alee t a k e s  plaee in that streem. 

" 

Bed Scour in the Rio Cbrande 

That the  bed of the  MO ;irande is lowered in the of m o d s ,  at lea& 
at certain pointe, is shown by the cross-sectiona shmm on F i - w e  2, 
These represent the bed of the river under the Santa Fo Railroad Dridge at - 
San ibrcial in 1929. Soma of t h e  aectiona were taken du- the larga 
flood of that year. The .stream is contracted to aorne axtent here at high 
flows and the presence of bridge piers no doubt inereaees the scour, the 
$andency of the bed to be deeper near the ,piers being ev%dant .on t h e  
sections. Thesa piers are sat at an angle with 'the O b c t i o n  of flow, 
which no doubt increases somewhat their  scourinp; effect, 

, 
During the release sf water fmm the El 'Vado b e e m i r ,  in Nuvmber 

and December of 19k6, frequent measuz'amnts were_ made o f  diecharge arid 
ncrw a m  at Eem-0, Albuquerque, Belen, and Eemardo,'on the tilain 
s tan  of Ghc Pdo Grande River, by the United States Geological h m a y  and 
U, S. &&eer Pepsrt,ment. The discharge reached about 2,500 second- 
feot and ooneiderable bed lmring was observsd.st each station. The 
~ ~ Q l u m  increase in area at t h e e  stations above ths ares then t h s  





This increaee in area did not follow conaiotamtly t h e  Increase or-decreaek 
in discharge. A t  t h e  BernaUUo and Albuquerque stat ions it v a r i ~ d  
rapidly yp and down with a nearly constant cflscharge, the range o f  these 
rapid fluotuatione reaching as much as 150 aquare feet. The Albuqwrque, 
Bolen, and Bernardo measurements were made from bridge6 where the piere 
no(doubt so~ndlift  inoreased the G cour and thoee a t  RemaUllo from a- 
oableuay, Af; this point the Fiver i s  narrow and curves soslewhat with a 
scour resiskLn,q bank on t h e  outside of t h e  eurve. 

I I 

C~nsiderable data on the  scour at  atroam-gaging s t a t i o n s  on the Rio 
bande could no doubt ha obtained fmm a study o f t h e  aotandinge taken at  . 
discharge: measurementg on t h e  river d u r a  floods. The f o r  this purpocle 
*s not available h making t h i s  study, but it fe believed t ha t  suoh a ' 
study would be amply ~ u s t l f i e d  and would furnish muah infonnation of 
value0 

Bed Soour on t h e  Colorado Rlver 
I 

- Discharge measurements have been made on the Colorado River a t  Yumcr, 
Arizona, since 1878. The large lowering of t h e  bed which occurs a t  W e  
stat ion during floods has been widely known and has been partly rcspon-. -*- 
s i b l e  fop the hprossian that the river bottom of such streams in floods 
scour deeply, Somf of tho flow oroesaect ions for  the para 1912, 1916, 
and 1929 are shorn tin Figure 4. In general, the mMlirmmn Increase 3n 
depth a t  the section is about twice the rise  in the wakes- s~arfacta. These 
measurauents were made by a cablewag at a wry narrow seetion of the 
river, where one or  both banks are of scour resist* material, The bed 
is of very fine sand. 

'In s t r i ! ! g  contrast with t h s  large bed'lowering at tho  Y m  station 
was the eituation a t  the s i t e . o f  t h e  Imperial Dam, A aable s ta t ion  was 
operated here for a short period before the darn was oonstruct@. During 
this period the flow reached a mximm of about 65,000 second-feet. 
Although t h e  bottom shifteti considerably, being hi~rghqr first on one.aJde 
and then on tho  other, there was no apprechble change of tho mean 
bottom level. This station m e  located about 6 miles above the Lam 
D~ where a fixed masonry crest, &ended entirely acmes the river, and 
&grit exerciee some influence on the c r o s - ~ e c t i o n  at the measuring 
~ a b l ~ .  

Other Ekarnoles of Bed Scour 

C;n F i ~ u r e  5 arc shown aross-eeations t two s ta t ions  on t h ~  Ye3.10~~ 
flivor in cis~oribai by J. R.  re- 471, which show the  1-rw 
of t h e  bed of tkis dream during a flood, These ware taken st gcr&ing 
s h t i o n a  where t h e  r iver  waa probably narrat, ' A t  one of t h m ,  roak was 
exposed nearby on one bank. Cross-eeetions of the Ve 6 iUver n m r  . f' Fort WcDnell, Arizona, are given by '!. N* HoLmq~Lst 8 )  which show a 

- 

I 
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is locat-ad -there the river runs hetvaou rook banks and is confined t o  a 
co:nparatively limited width." hrii ig  the excavatisn for Hoover Dm a sawed 
anti plmed 2- by &inch plank wao found in t h e  riverbed r .a ter ia1 TD feet 
bel-ow low-vmtsr surfscc :;xi 40 f ee t  belovr t h e  b o t t o ~ ~  of t h o  river atlcinnel. 
This showed t h a t  a t  soa~e comparatively recent time t h e  river in t h i s  canyon 
ksd scourid out  the bed t o  t h e  depth of this,plar.k, 

. - 7 -  

ktil.ysis oi i v a i l ~ ~ ~ e  ba tq  
1 

An sxanirration of the  foregoing dsta shows thnt ,  at. most of h s  gaging 
s-batione mentioned, t h e  bottom unquestionably Goes dom coneidercsbl a t  high 3 

9 

flows. 1\11 of tho cases where t h e  bottom mt down were e i ther ,  ( 1  a t  
b r i d p s  where the presence of piers-w&Ld induce scour, (2) st.atior.r, ?here 
t h e  river was r:arrow, o r  (3) whem it was probably namar because measuring 
s t a t i m ~ :  are usua1.l y where the r iver  i s  narrow. The o n l ~  place -here a 
stream was measured frwl! a ceblew~y a:d where it m s  defjnitely b w n  to be 
at 3 8ec513n which was not contracted, was on the Lower Colora5o River at 
the s i t e  of t!re L a p r i a l  Dan. A t  t h b  p o h t  KO lowering of the bed was 
obse -~od ,  but there is a s l i ~ h t  chance that t h e  conditions a t  t h i s  s t a t i on  
~ ~ i ~ h t  be influenced by t h e  dam 6 miles downstream. We a160 have the .evi- 
crencc, Pmn the mlunte of mater ia l  carried into %*te Elephant Butte Re~ervoir 
t h a t  no ;;reat average r?epth of m t e r i a l  i s  scoured .t'rol:; t he  Rio Grande bed 
in flooiia and carried i n t o  t h e  mssrvols .  Evidence pointing t o  n similar 

.,,., 
ccnclusion i s  tha faci; t h a t  %he ooncentra'liion cf aedimont csrrieri irr rnoet 
s t r e a ~ s  i n  floods i s  insufficient t o  carry thcs amountl~ excavated if the 
loweriilgs illdicated b:; ;ueasureiients at most :;a&ig etatione are typhcal of 
t h e  whole length ,3116 ~ L d t h  of the river. 

An q l a n a - b i o n  which is consistent, w i th  all t h e  obaorveti datq except 
that  tdcen at  t h e  site of the  Laprial Dam 1s that the rlver betlaves as 
described by F. IJ. I Iohquis t  i n  t h e  article previously quoted. Iie believed 
that rivers 01 tile type undcr discussion In excavate a deep ch.%mel 
over only  a portiorr of t h e b  width, depositing the ainterial  excsvated in 
the shallower portions of the channel a short distance doiInstream. This  
deep channel he believed tends t o  approach t h e  outside o f  the b e ~ d s  %and 
thus, in flovrbtp, doms+&sam, it cross fmtn ozie s ide of t h e  r iver  
channel t o  tire other, It constantly shifts in p s i t i o n  uswlly by side 
erosion, but occasionallg by avulsion (a complete md m~dden abdomnent 
o f  a portion of its foxwer course and adoption of a new channel). 

Observatims dur;inn the E o  Grade Flood of i.iay 19. - 
After t h e  foregohiy! studies were completed, on opportunity was had 

tc o b s e ~ i o  b ~ t h  fmn; the j;row?d and tne air t h e  conditions durin;; the  
flood at tile erid of :ky l91!&,. a t  which t h e  t h e  f l o w  at  Albuquerque 
reazhed about l3,W second-feet. A flight over the river Prom Cochiti 
t o  t h e  Glepl~ant a&te kbservoir yas partid~lari:~ illurnhatine;. 



r l  .qpcin3  ef'foi't weis  !:lade curill;; tl?rse o!,scmntirxia to  c :e te rnL~e  the  
sxir;t,c?r~cc of s rlnrrow (lee]: c i ~ a ~ l ~ ~ e l ,  such  xo t? inL  descri\)ec! 1.~y i-lolmc~uist, 
but' no evider,cc wa6 I'o:rrtci of such u, :)henornt.non. The f a c t  t h a t  t h e  location 
of brid;:es tu~d f;tk!:i~:c stations is k~ohrlj- d\.;sys &t :larrow scctiorks of t h e  
river,  lic~wavcr, was der i r l i t e ly  e s t n b l i s t ~ o d .  Th&t t ! l ese  nnrrsow sect lor;^ scour 

. o u t  d l i r i n ~  floocio sc!e14tcll very r.easona!>lt, but iL n,~?eiirec to l)c cjepclnltecl 
at :re-& wide ?action dowlintrec;:;, rutd riot carr ied or1 d o ~ r  t11e river.  
Tflis c;:;~l::nation w o d d  Piit. in with all. c.)f the o b s e r v ~ d  d ~ t i ~ ,  vhicll tends 
t;o c o r ~ f i r m  itte ilccilz'acy o f  t h i r  terttat,ivc c o n c l u ~ i o r ~ .  

liecessi:,y for it,mti;ati.ve Data ori iLio i;:arlde bed Scour 

Tile atterr:;,cn :!t;tae LC) estilnzite the r a t e  of dc?tr~dti'l.iori which w i l l  o c c u  
a.~"ter the c o ~ , ~ ~ , l e t i o i ~  of t h e  sedi~,erit  stcraze ~ ' ~ s e r v o i r s  AS ~ c s c r i t e t i  else- 
where A L I  t!-ti~ I'e,Joni, have  how t h c t  i l l  orcier to ~ j a k e  2uant.i t i ~ L i ~ c  esti,.lates, 
i t  i s  rtect4ssary t o  idlow t :~c  l e j ~ t h  arid w i u t t i  of Llle il;lt;erial wvrheci over by 
the St,rGirri,, zince ii i s  by t!ie rento~tcl GL' t,!!c fi1.e ;xirticles from t h i s  
po r t ion  uC the ~tx.enr~: Led which causes c.iegmaation. These ottil:li;.,t~ hhve . 
not cliacloat?d an] te@thad of: tletsr-rdnirlc the 1oweri:lt; with a s~+,isl'crc t o r y  
del;rec of exactness h i t i r o u t  this krtowledi!e. It Lfi, t !~ereiore,  ~:;:pcrativc 
t h a t  Sur'uI~rr s t l~ t i ies  be iiradc t o  quantitatively deter,:dne t i r e  r,,ag~li.tude of 
i h i s  riic~Vunit:rit . - 

i'he etlic!ica t~ecesr;e?y to d e t  t h e  r.ei;ufred infor;natiotl shoulci be ;~iong 
thzlee Litios c r  a,,,,x-oach b~ follows: 

( I )  A aeta i led  arials7nis of t h e  Lotto:n scour crt stream ::adiilg 
s t n t i o ~ l r ;  on t h e  L o  C;x*&r~de &id si~d..lar strecu.ts, ; ~ a l . t i c u i a r l y  wlrere 
I I ~ ~ ~ ! I U ~ ~ ? T . I U I I L S  were ::lade fl*o!n cabiewaj.~. 

( 2 )  Tt.9 in:~taLlaLioi~ ict nunerous ;,oir,:s LII Lilt: ocd cf t h e  Ilia 
Grnnde bf ver t ica i  ccres uf colored s a n d ,  tile positif,rr of 1si:ich was 
tied i1.1 t o  fixer! .:uir~L.r, on L)lc ta:l\i. 'I'trese s!io~lid be ; , c a t e l  both 
in t!lc narrow &!ti w i d e  sectiorts. riftcr Iligil floods the position of 
these col-cs a.lotilc: Lc r~~locatc;d arid excavatlok~u ::lade to 2etend:le t h e  
de>:.th t o  ?:!iicll they had beer1 wast!t:.c! cv:ar, arid t~!?c;!rc:'r.r~ t h e  d e p t h  of 
t t ~ e  i,ec'l whit:, had keen worked cvcr. These w i l i  riiou whether tire 
r iverbed  s,:or:rr; iiohr. nt  the ~lri,dc as well as rt ' he narrow srctio:is.  

( 3  ,, c?et t i l ;cG stli:!;r of' t i l o  Ilcc n l t e r i n i  and de:-~Lh of dc.;rbciation 
wtl:icl! 1 ; ~ ~ s  ucc~:l.reci ;r: t!lc d u l ~ r a c o  h lve r  below Luke Kcad, t b  slton the  
dei'til of a,.atctr.;d worked over if* t h e  ~ e ~ r a d i ~ t i u u  w l l i c ! ,  brikell p!.?+Ce 
in t h a t  strc:~i. 



'!he data di ich  ~iould be secured from the atudies  outlined rbovs would 
bc o f  groat value in the solution of rnany other problema which arioe in the 
~ m d  o f  tlie Bureau of ~ e c l . a ~ ~ t i o n .  For example, a knowledge of the nature 
and e ~ t e n t  o f  t h e  louerir;! which t a k a s  place in the Rio Crande i n  high 
floys HOUXCI bl: of t h e  ;:reatest assistunc:? in tforkine out the best. method 
of confining t h e  river below t h e  sedimer~t s t o r a ~ e  dams, i n  order t o  induce 
a more rapid rate of degradation, 

A ii~ethorl of dete~ninin;;, wi th  reasornble cert:dnty, t h e  degradation 
which v r i l l  occur bolpw any dm provided on a movable bod river i r j  one of 
the greateot needs i.11 t h e  Bu.reeau's design department. To provide a safe 
design for a considerable lowering of t h e  tailwater leva1 at these d m e  
often !:reatly i : c r e a s e s  their cost, und 8houl.d not be done unless necwsary. 
Holrever, if lowering i s  not  provided f o r  and it oocure, expsnsive repairs 
o r  thc failure of the s t r u o t ~ w e ,  of ten  rcaulk)i,y The data f r o m  the studies 
outlined w o * f i  be of great help in wtxaMnl; out  such a method of astimnt5.ng 
degradation, 



Appendix I11 . 
J 

Ss.dimant Fluctuationn i n  the  Lower Colorado River 

The record of sediment discharge above the  Imperial Dam reoemoir on 
t he  Zawsr Colorado River shows a ourprisingly much larger load of sediment 
i n  winter than in s m e r  for approximately the  sanm water diechargo. T h i s  
was f i r s t  pointed out by 1i. E o  Gose, Since the only obvious difference in 
the conditions a'; these two times of year ie t h e  difference of t h e  tempera- 
ture of the  water, these r e s u l t s  raise a ser ious  question rc@rding the 
effect of temperature an t h e  transportation of sediment in flowing streams. 

The rss~ilts of those sedinlent obsarvations are s h m  on Fieure 1, a i c h  
~ i v e s  the 1al;er discharge, ' water temperature, sediment concentration and 
sediment load at Taylors Ferry from 1943 t o  194.7, inclusive,  It wiU. be 
noted t ha t  f o r  e given discharge, the sediment load be as much as 2 4 2  
times as great i n  winter as in summer. The conditions i n  t h i s  s t r e t ch  of 
the Lower Colorado Iiioer are exceptionally favorable t o  indicating any effect 
temperature may have, as the number of variables w1,ich might ef fec t  the 
sediment load i s  mcn l e s s  than in most ~ *ere. .This s t a t i on  i s  located 
downstream from the Hoovor and Parker Iieservoiro, in which the ss-ent 
coming down the Colorado is doposit,ed, and c l e a r  water i s  discharged fm 
them. Because of the  mgulating effect of these  two  reservoirs, t he  flow 
of the r i ve r  i s  unusually unifom. There i e  very l i t t l e  local inflow batween 
t h e  Parker Dam and Taylaro Ferry and the sediment ca r r ied  the river is 
almoat entirely picked up from the stream bed, Appmximately 70 percent of 
this load i a  cosnposed of fine and very f i n e  sand. This stream is therefore 
much freer than moet stream from great; f luctuat ions  o f  vrater drtscharge and 
of load of sedime;~t brought i n t o  it by t r i bu t a r i e s .  Because af the relatively 
constant conditiono, the effect  of temperatu--e would be much more apparent 
than in an ordinary atream, 

it w i l l  be noticed t h a t  although the sedihaent concentration fluctua9Ye8, 
beinz generally larger i n  win'cer than in sumnler, there  i a  diatinct tondency 
of the sediraent concentration and discharge t o  become smaller with the passage 
of t h ,  This is due to the gradual coarsening of t h e  riverbed from which the 
load i s  piciced up, Size ana lys is  of the  bed arrd suspended sediment6 s'nm~ed 
t h a t  they gradually becorna coarser, as shown on Figures 2 and 3, respectively. 
A s  t h e  bed hocme coarser, the  water was not able t o  pick up as l a rge  a load 
as before, but the particle size of the matorial t h a t  j.t did  pick up was 
aoareer. The pr incipal  ck~anges i n  sediment load were therefore due t o  the  
changes of water discharge, t h e  aaarsening of the  bed, the changes of tempera- 
bure of t h e  water and some other  unicnom cause wNch f luc tua tes  ~ 5 t h  the 
seasone a d  m y  be 'wholly o r  pa r t l y  the  a f f e c t  of tmqm-atura. AJ.th@~gh 
temperature appears to be the  most likeu cause, so far as known no eqe*t* 
have been made on the   rans sporting power of water, i n  which only the tempera- 
t u x  was varied, UntJJ. such experiments are made it cannot be ~ o s i h i v e b  
stated tha t  temperahre is  t h e  cause, and bherlefore the  cause n~usk be regarded 
as unknown. 





The k n i t u d e  of the Pluctuatlons Due t o  the  Unknown Cause as Sham by Usillg 
1913 t o  1947 Data 

An at tenpt  was therefore ]rude t o  conpute the  magnttude of this effect ,  
by sllminating the  e f fec t  of tho  var ia t ion of water flow and stream bed 
u o a r e e ~ .  The f i r o t  atop was t o  e lh i i na t e  the  e f fec t  o f  water dischqge. 
From many observations it has  been fou11d t h a t  the  sediment load i n  naturs l  
stmams varies.mughly a the square of t h e  disoharec. This w a s  expressed 
by an equation Qs xe3, where Us is the sediment load in ions  per dayay, 
K a i 8 a c ~ n s t a n t  and i s the~vater~sc11argeInsecond-feet .  T h e v d u e e  
of Ka were found f o r  a l l  t h e  sediment obsemrationa and plot ted against caPendm 
time as indicated on Figure 4. This shows approxbate3-y &.at t he  relative 
mgnitude of the  eediment load would have been had t h e  diecharge been uniform, 
An amrage l i n e  A-B was then drawn throllgh t he  values of Ka, sloping gradualJy 
downward t o  ind ica t s  the  approdntate v&.ation which the  value of K muld have 
had i f  this unknown cause not been praeent. The s l o p  of t h e  f i e  and t h e  
lower values.of K, represented by it, a s  time went on, are due t o  the ctaarsenitag 
of tho  bed. The r a t i o  of t h e  values of Ii, as computed from tho observed data  ' 

t o  t h e  value of KO obtained from this average line should give a comparison 
of! tho tnagnitude of the  f luctuat ions  due t o  the e f f ec t  of this unknown cause. 
Asmmbg t h a t  t h i s  fluctuation was entirely due t o  temperature, t h e  magnitude 
of the r a t i o  of the f luctuat ing Ka value t o  t h e  gradually changing I;, ~ d . u e  of 
t he  average b e  was plotted against  t he  water temperature at Ihe  tiine of 
observation, with the  resu l t  given on Figure 4, This shows t h a t  the  r a t i o  
decreased wi th  increasing teatperature at  a r a t e  suf f ic ien t  t o  make tha  average 
load at the  time of lowest temperature about 2-1/2 tirnes Lhe average ioad at 
t h e  time of highest temperature. It w i l l  thus  be seen t h a t  whether or not 
this f l u c t u a t i ~ n  i s  due t o  teuperature, it i s  of so large a mabpitude t ha t  
its cause must be dekermined i f  accurate analyses are t o  be made of many 
8 e b n t  actions i n  the Lower Colorado River, and probably i n  t h e  Efidcile 
Bio Grande as w e l l .  The sediment load shown on Figure 1 i s  the total load 
carried by t h e  atroam. An attompt was made t o  determine whether t h e  e f f m t  of 
t h i 8  cause was t he  s u e  on pa r t i c l e s  of d i f fe ren t  sizes. To do t h i s  the  total. 
load was broken into pour parts, each par t  composed of pa r t i c l e s  of a small siee 
rage, t he  four parts covering the e n t i r e  range of s i ze s  carried, which was from 
O . O u  m to  0.589 m. The load i n  each size range was analyzed..tn tho samo way 
as previously described fo r  t h e  total load. Far sizes fron O . O U  mm to 0.295 xm 
the temperature effect seemed t o  be very close t o  t h a t  sham on F i s r e  4, 3'01. t h e  
size 0.295 nun t o  0.589 nmt the change with temperature was n e u g i b l e .  

The Wanitude of the Fluctuations Shown by 1935 t o  1942 Data 

'he maults shoup by the 1943 t o  1947 data were confimneci by the data 
collected a t  Red Cloud Cable, Taylors Ferry and Imperial Dassite f o r  the years 
1935 t o  1942, inclusive. During these years'the sediment load and water discharge 
were  determined by measuremnt, but the  water temperature was not recorded. In 

uorkil3g up this data a curve of *he fluctrration of temperature thmughout the 
year was dram up by averaging the temperature as detellnined fo r  the  y e w  
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FIGURE 2 
SHOWING COARSENING OF BED MATERIAL IN COLORAOO R I V E R  BED 
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NOTE 
\I) May Ima5 t o  J o n  1834 Averngo of 69 s o r n ~ l e r  

from l rnper~ol  Darnslte before closure 01 Hoover Darn Sedimentatto" diameters not determined 
($ MUY 1935 t o  Jon. 19%. Average of 20 samples for samples slnce 1941, 

from l r n~e r l o l  Doms~ te  o f t e r  closure of Hoover Dam. 
('& Year 1936. Averogo of 25  camplac 

f rom Red Cloud Cable.  
Yeors 1937 ond 1938. Average of 02 sample*  

@ fvom Red Cloud Coble. 
r UNITLD 'STATUS 

eo r  1939 Avaroge d sa r amp las  DI(PAfl7MlSNr OF T H E  tNTCMlOl( 

(i' y f f ~ m  Red Cloud Cable and i ~ 1 y l 0 r l  h r r y .  8 U R K A U  O C  REGLAMATION 
Years 1940 and 1041. Average d sa samples  

*om Taylor% Ferry. SEDIMENT STUDIES 
Yoars 1942 and loss Average of so camplea  COLOIiADO AlVEN 8A51N 

@ f r o m  ,ylorls f i r r y ,  
Year 1944 Avorage of lo r o m p l e r  S I Z E  ANALYSIS CHART - SUSPENDED' 

@ f r o m  Taylor*r  f i r r y .  , LOAD AT IMPERIAL DAMSITE, 
RED CLOUD CABLE, TAYLOR'S FERRY 

42r M A W P I  0 S.bi CHFCVECY n A T E  ?,-...4Q 
A 

FIGURE 3 
SHOWING COARSENING OF SUSPENDED LOAD IN COLORADO R IVER 

BELOW ,HOOVER ,AND PARKER DAMS 





- - 7--  - on whioh each msasure~nent was taken, Figtlro 5 w a i  plotted, i n  the same manner 
, 

as used i n  aecuring F i ~ r e  4. This shows practically the same dlluctution 
of sediment load with htsperatum as obtained for tbs years 1943 to 1947, 

rimcents on the Effect of Temperature 

The only experbents dealing with the effect of temper4ture on the mavomsnt 
of sediment were those of Ho y, who experimented with the movement of coame 
material in a glass-walled flume in (krmeury, He usad water with temperatures 
ranging from 2 O  t o  45O C, and found very much greater movement of material 
at; higher temperatures than at lower t~m~peratursa. This effect is just the 
opposite of that found i n  the Lower Colorado River, where the m o ~ ~ m e n t  ma 
greater at lower temperatures. In his analysis of his mmrlts Ho does not 
a l l o w  for the resistance of the sides of his flume. &,ts experiments have 
been analyzed by Einstein*, *.a found that when this maistame was taken 
into account, al lowing for tw'o'fscS of tqerature on its e t u d e ,  the 
movement, o f  sediment was practiciilly the satne at all termperatqes for the 
shear on the stream bed. 

Ter~perature Effects i n  Sediment Trans~ortation Ponrmlae 

A study was also made of  the effect  of temperature on the transportation . 

of sediment as indicated by t se  various formulae which have been proposed for 
computing the wmunt of sediment which would be tr~nsported by a abrelam of 
flowing water. The formulas of Schoklitsch 5/ and Straub 1 9  do not consider 
any tarperature effeci;~, The bed (material) load formula of Binstein 
shows a small effect,  -the load decreasing with decreasing tcmpereturrr. The 
magnitade of t h i s  effect decreases as the particle size of the material asrried - 
,increases. Tne Lane-Kalinaki _2/ relations for ~uspanded ,load consider no 
effect of the temperature on the pickup of material fram the bed, but show 
decreasing transport of the matorial in suspension, with increasing tem.perature. 
This difference is proportional t o  the change of settling rate of the sedhant 
particles with tampsmture, due to the change of the viscouity of the water. 
'he Kalinski 3 bed-load f o a a  shows a very s l i g h t  effec$ of temparatw, 
due t o  the change of density of the water with tanprature, 

i t  

Since the load of t b ~ e  Loyer Colorado River was carried in suspension, 
the results should be'amljrsed as a 7roblern i n  suspended load movement. The 
fluid rsachanics of th is  phenor~non is now fairly well unders%ood ae, regards 
the transportation of the sediment particles after thy hats been,raised from 
the bed into suspellaion by the effech of the tu.rbirlerrco of tha w&r, but a 
aatiafactory analysis of the raising of the partioles from the bed has mt 
yet been worked out. The effecect of temperature on the t ~ s p o ~ a t i o n r '  of  

9 Numbers refer t o  references at and of n p o r t  
* Unpublished I 





-. 

sedimsnt already in suepension is due to  its e f fec t  on p a @ i c b  settlinp, rate, 
as mentioned above, but tho magnitude of these effects are much less than 
those indicated by t h e  Lower Colorado River obsermtions. For example, in 
a stre& of 15 f ee t  depth and velocity 5.72 feet per second with a concentrsr 
ticm 3.2 percent at 1 foot above the bottw, the amount carried at t 400, % 

would vary from about 80 percent t o  90 percent of what it would carry a t  
100 C, for sizes of uniform sediment, rangiw from 1/4 to 1/6 mn, respectively.. 

If  these Colorado River effects  are due t o  temperature, since the 
temperature effects  on transportation of sediment already in suspe.?sion are 
of much lesser magnitude, it follows that most of the effect of temperature 
observed in the Colorado River r e s u l t s  is due t o  the temperature effect In 
t h e  pic- up of the rraterial from the stream bed. 

Conclusion J' 

From the foregoing discussion it s e a s  very  probable that temperature 
has s material effect on the transportation of sediment by a fl0tsin.g stream, 
at least under the conditions which existed in the Lower Colorado River, 
since no other explanation of the fluctuation of  t h e  sediment load with the 
seasons there is readily apparent. Hawever, unt i l  experiments are performed 
shoKing this effect under oontrolled conditions where the effect of changing 
only the temperature was observed, it would not be scientifically sound to 
conclude positively th& temperature was the cause. In any event, until thia 
matter i s  settled, a large measure of uncertainty must remain in my cmputa- 
tions of sedimcnt movement i n  t h e  kiddle Rio Grande Valley. 
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The following tables and figures show the method of computation a8 
described in Appenclix I. 

Figure 1 shows the mthod of adjusting the normal flow duration c w e  
t o  n curve of 5,000 cfs maximum f low,  This adjustmnt was made by keeping 
the areas under the  two curves equal. Table A shows the division o f t h e  

I f low into suitable increments and the percentage of time each increment 
can be, expoctnd t o  occur. 

Table B shows the method of cc~mputing theoretical suspended load 
accordirig t o  the Lane and Kalinske relations. F igure  2 i s  n graph of the 
relationship between LC and N$& that is used in these computations. 
From these results Figure 3, Sediment Discharge Curve, i s  plotted. From 
curves i n  Figure 3 and the flow duration, the computations shown in 
Tables C and D are made t o  find the amount of each s ize  and total load 
carried for the 60&f00t width and 5,000 c fs e m u r n  d; iachqe  ar.d the 
1,2pQ-foot width and normal discharge. 

'4 

These same steps for the Kalinske bed load formula are shown in 
, Tables E, F, and G, and Figures 4 arid 5. The Schbklitsch f o d a  campita- 

tions are covered in Tables H, I, and J, and Figure 6 .  

e The load adjustmnts described i n  Step 3, Page 21 * , Appendix I arc 
covered in Table K and Figure 7, The balance of the degradation computa- 
tions are shown in Table L for three periods. 
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HI0 GKANDE DXGIiADlTION STU1)IES 
S U S P ~ E D  LO11D 

Lm i?ND KALIMSKE FORMULA 

&sic data Width 1,200 feet 
Slope 
llnll 

0.00096 
0.025 

Temperature 500 F 
Size  gradation from average of two irorings No. 37 and Bo. 51 
Normal flow duration a t  San Fcliue 

:Flow : . . t : : 
% : d u m  25 : .09375mm : .1875mm : 

C f s  : t ion:  Cfs/ : . 
: a n  q ,  l Q s  1 9 8  Q 8  : $  : Q s :  
: t h o :  . . . . . 

t : 
UO: 0.1: 0.200: 0.22: 0,005: 0.0022: 
Zb5r 0.1: 0.204: 0.23: 0.0055: 00.024: 
325: 2.8: 0.271: 0.38: 0.W: 0.0050: 0.019: , 

452: 7.0: 0.377: 0.68s 1.022: 0.0122: 0.116: 
558:lO.O: 0.4.65: '0.982 2.105: 0.0187: 0.254: . 
665:lO.O: 0.554, 1.33: 2.8561 0.0285: 0 387: 
780:lO.O: 0.650: 1.75: 3.758: 0,OU : 0.571: 
920:lO.O: 0.766: 2.32: 4.983~ 0.062 : 0.8l+2: 
U00:lO.O: 0.917: 3.15: 6.765: 0.093 : 1.264: . t 
1365:lO.O: 1.4 : 4.5 : 9.605: 0.153 : 2.077: 
1890:lO.O: 1.57 : 7.6 :16.323: 0.305 : 4.J&:0.0033:0.062: 
3275:lO.O: 2.73 : 18.3 :39.303: 0.97 :13.180:0.017 :0.319: 
5850: 5.0: 4.88 : 44.5 :47.786: 2.95 :20.041:0.085 :0.797: 
3'700: 2.0: 7.25 : 80 :34.363: 5.8 :15.761:0.218 :0.20&: 
12553: 2.0:10.5 :135 :57.988:10.8 :29.349:0.46 r1.726; 
16450: 0.5:13.? :190 :20.403:16.0 :10.WQ:0.73 :0.605: 
175CO: 0.4:16.2 8225 ':19.329:20.5 :U.W:1.00 i0.750: 
21600: 0.1:18.0 :275 r 5.906:2/+.0 2 3.261:1.18 10.221: 

Pement of total load 69.79 : 28,98 r 1.22 : 

U, average water discharge in c f s  for pement of time shorn: luldbr flow 
6:~ration taken from flow duration curve 
water discharge in cfs/Pt width = !&,,/width 

% = sediment discharge i n  lb/hr/f't width read from sediment discharge graph 
Gs sediment discharge in T/yr / f t  width t 

(%)(2l+) (365.25) ($ of siee in bed) ( f h  d~rratj 

2 , m  100 



X O  GLUfDE DZGRADATICIU' S ? . V J I ~  
SUSP@lDZD ILIAD 

LmL; &: ;) itmJra FOT(folm *. 

.' \ 

b Basic data : 'ilidth 600 feet 
Slope 0,00096 
tt .n 0.025 
Temperature 50° F 
Size gradation fro:r, average of h a  borirrgs 

37 and IIJo 51 
Flovr duration a t  Sm Felipe adjustod to 
5000 C ~ S  

. . . . 
Percent o f  t o t a l  load 68.70 : - - average water discharge cfs for. percent of time shotrn under f l o w  

durz t ion ;  taken frcrr, flow duration curve 
= water discharge cfs/ft width %/width 

4s s e d h e n t  discharge in ft width rend f r o m  sedken5 discharge graph 
2, r sedimnt discnarge i~ 

h5) (24)(365.25)(~ercent of size in bed)(flovr {iuration) 
2,030 lor3 





I.! IDDLE 81 0 OfbA:fb~:m;E DEGRADATI OR STUDIES 

Baeic Data: Slope S = ,00096 
Manninge @nn ,025 
Temperature 50' J? 

. . : D i s  : Dia 

* . . 
: : 

I . . - . ! ! I : 
0.50: 0.560: 0.300 to. 09375: o.wo3076: 0. 0036~1: 0. 123: o. 640 : 163.933 . ': : 0.1875 r 0.0006152: 0.007362: 0.2h6: 0.505 r 2 jg.759 . ! : 0.375 : 0.~123 : 0.01470 : 0.43~; o.3og : 315.560 

: : 0.75 : 0.00246 : 0,02952 : 0.9142 0.103 : 211.110 
. : 1.50 : 0.00492 : 0.05ook : 1.968: 0.005g: 23.825 . . . 

1.00: 1.84 : 0.0599: 0.1756: 0.09375: 0.5003096: 0.003691: 0.062: 0.750 : 271.697 
I : 0.1875 : 0.0006152: o.oo7)se: 0.123t 0.6b0 : 463.715 . . :0.375 :0.00123 :o.oiL76 t0.246:0.505 :731.626 . : 0.75 : 0.00246 : 0.02952 : 0.492: 0.508 : 892.401: 

: : 1.50 : O.OOh'32 : 0.05904 : 0.964 : 0.103 : 596. -362 . :3.00 :0.00984 :O.~IBOS :1.968:0.005g: 67.214 
: t * 

2.mi5.84 : c J . I ~ ~ ~ ~ c . z & ~  ~ ~ . o ~ ~ ~ ~ ~ o . o o o ~ o ~ ~ ~ o . o o ~ ~ ~ ~ ~ o . c ~ I ~ o . ~ ~ o  1 ~ 4 . ~ 8 6  
! :o.is75. :0.0006152: 0.007 je2:  0.062:0.750 : 767.442 . . : 0.375 : 0.00123 : 0.01476 : 0.123: 0.640 33 4i6 

: 0.75 : 3.002k6 : 0.02952 :0.2L6:0.505 ~ 0 ~ 2 s ~  . . : 1-50 : 0.00492 : O.05gOb :0.493:0.306 nyo.o.gj6 
r 3.00 : 0.00984 : 0.11808 : 0.986: 0.103 ~ 6 8 5  722 . 

:6.00 :0.0196s .:0.23616 :1.971:0.0~7: 186.654 , . ! 9 : 
1' 

4.ooasg8 : 0.2396: 0.351 :o.og:~~~o.ooo~o~6~o.oo~6~~:o.o~~:o.goo : 651.7sg . * . : o.is7g ; 0.0006152: 0.007 382: 0.03~. 0.630 -02 968 ' 
t : : 0.375 : o. 00123 , : o.olL76 : 0.062: 0.750 e172,684 
t t : 0.75 : 0.00246 : 0.02952 : 0.123: 0.6'30 9706 252 . : : : 1.50 : O.O&92 : 0.05904 : 0.2L6: 0.505 9849 oQ . :j. 00 : 0.00984 : 0.11808 : 0.493: 0.jOg 7~4.654 . . t : 6. oo : o. 0196s : 0.23616 : o. ys6: o. 103 L77r sge 
I . b azoo :o.o3936 :0.47232 :1.37~:0.00~7:52&090 - - -- 











tCIG CIi.id;L\i.: i;;A;i?t+f,,flICjii: 2 S;'lJDi= 
u ,w 

?X:i3Ki:JT?SH FaI,I?I.Uu 
Basic data Slope 3,096 

Marmings "ntt 025 
'l'emparature 50° F 

lrap 
I 

6.0 1p10. IZ 
: 9s :4w% : O* : 

0.42 d.1926: 29.5: 
: 0.5 : : 0.0352: 9.2: . . 

0.8: 3.5926: 90.9: 0.3852: ,!+I.?: . 
0.9: . : 0.0705: 5.4: 
2.0: 1.7926: 274.6: 1.5852: 171.5: i.L'j'05: 89.8: 0.~~11 
3.6: : 0.282: 10.7: 
4.0: 3.7926: 581.61 3.52521 383.51 3.1705; 243.11 2.3~: 126.4: 0.682: 26.0: 
G.0: 7.7926:1195.1: 7.5852: 821.9: 7.17J5: 549.3: 6.3W: 342.4: 4.682: 173.7: 1.366: 37.0: 
10.0: 9.7'326:1501.8: g.ji352:1038.7: !).1705: 703.2: 3.341: 450.6: 6.682: 255 r 3.358: 71.1: 
20.0:1',.7926:)035.4:19.5852:2122.3:1y.i.io5:1~70 :le.jW: 9We4:16.bs2: 637 :1).368:361 : 5.737: 124: 
3~.~:29.7926:4569.0:2?.5852:3205.9:24.1705:223? :2a.3W:1530.1:26.632:101~ :23.36$:632 :15.737: 321:3.474: -47 
40.0:39.SY26:6102.6:39.5852:422q.5:3Y.1~:3004 :3Y.)iJ:2W0.4:36.682:4W :33.368:902 :26.737:591,1.:3.&i1'~:132.t~ 
9;, a water discllclr~e c~s/ft ;ddth  

4: 

90 = cr i t i ca l  discharge = 0.005329/0/(~ 4 / 3 ) ;  rrfiera D is ;:rain d iune te r  in inches 
qs = sediment discharge l b / !~ r / f t  width uherc qs (86.7/4)(~ 1a5)(qq-q0)(3600); C is a ~ e i n  d imete r  in inches; 

for 1 W  percent of mtoz-.a1 of given si7e in bed 
&! 

-- - ~. 

t .  



T9ble I 

BIO GXANDE DI!~~G~-A~IOB STUDIES I 

Bm LOAD 
SCHOXLITSCII POIMU 

Beeic Datat 'uiidtk 1200 ft 
Slope 0.000$ 
'n* 0.025 
Temperature 50' 3' 
Siee gradation frm average of two boringa #37 and # 51 
Normal flow duration a t  San Fsli~e 

triow : : .osnrj mpl : . 1 q  ~ r m  : e '375. lppl 75 .BI ; 1.5.m ? rn : 
?a- : : : : : . . . I : . : : 

8 Q. ; P. ; Q. j 'I. : 0. ; 9. 1 Qg, : q* I 98 ; V, :stion: 9v : : 'a : qs . . , 

240 : 0.1 8 0.200: * :  : , . : t : f .  : . 
245 : 0.1 : 0.204: : a . I : 

8 25 : 2.8 : 0.271; 8 t 0.01! I . z : - t : : * 
52 8 7.0 : 26 : 0.40: * I L • • I b 8 I 

55g  r 10.0 : 39 : o.so: 
* ' ' I . . : 

665 :ao.o: 0.554: 53 r 1-14: 15.7: ,?.I?: a . : . * . @ . . 
780 :IO.O: 0.650: 67-51 1.45: 26 : 3.53: ! b : . 
920 r10.0 : 0.766: $7 : 1.q: 3s.z: 5.19: ! t : : a .  . D . 
1.100 :10.0 : 0.?17: 112 t 2.41: 53 2 7.20: 6.6: 1.24: . : : . 
1365 rlO.0 : 1.14 : 143 : 78 : 10.60: 21.5: .4.03: . t . : 
1 8  0 .0 : 1.7 : 208 t 47 U6 : i . i2: I, t 5 : 1 0 * 3 2 :  

. ? * : 
3275 rlo.0 : 2.73 : 3t?9 : 8.361 255 : 3 .65: 1 7 : 27.5s: 58t t.33: * : : 
5850 r 5.0 r Q.88 : 725 : 7-79! 490 : 33.30: : 23.27: 173: .97: 57: 0.40: 
6700 t 2.0 : 7.25 : nrn : 4.73: 750 : za.39: i i g  : 18.57: 95: 3.50: 150: 0 . u :  . i . . 
12'50 t 2.0 :10.50 : 1600 : 6. q: 1110 : 30.17: 750 1 2E.lb: 01 3.51: 275: 0.77: lWj: 0.1~; 
16450 : -13.70 : 2100 : 2.261 1 4 ~ ~  : 10.06: 990 : 9.29: 655: lager: 400: 0.28: l Z &  0.07: 
19500 : 0012 116.20 : 2500 : 2.15: 1730 : 9.401 1190 : X.93: 790: 1.61: 500: 0.2gr m: 0.07: 
21600 : 0.1 :115.00 : 2750 : 0.53: 1930 : 2.62: 1330 : 2.50: gg5: 0.51: 565: 0.-08: 305: 0.02: . . . f : = LOAD 
Total load ~ / ~ r / f t  width 48.37 : 1~6.36:~: 13?.g7 : 21.51 : 2.23: 3 1  :478,360 ~7~ 
Total :o! d T#yr 58, Ow: : 223,632 :167,84 c :25,812 : 2,676 : 372 . 

1 : : : 
o f  total load 12.13 : 46.75 * 35.09 . 5.40 : t'. 56: 0.07 : 

% r Average water d irch~rge  in c f r  for percent of t ima ,  rhorm under f low duration; taken fi3.m f lw  'ilhmtiosnu~e 
B, = Water dlecharge in c l e l f t  wilth = %/vldth 
a* = Sediment discharge in lbr/hr/ft width: taken from sediaent discharge curve 
% $eahmt d i s c h ~ g e  ~ / y r / f t  ~ i d t h = ~ $ j m 2 5 ) ( ~ B ~ ; ;  in bed)(flowldu+atfon) 

m i %  00 



Table  J 

IuO G!ir.I:EE DiX2!3&lATlOX STUL)m 
Bx U J a  

&sic da ta  \ 9 d t h  5;;3 feet SIIUl(L1TSCH FGFJ.TiiA 
S l o p  ( . I , L & ? ~  
linlt j.975 

Tentperaturo 50" F 
Size gradation fro2 merage of two b r i n g s  Iio. 37 and IJa. 51 
Flow duration at Sari FeUim adjusted t =fs I- 

4 :Flow : L m/5 m I i 1875 dpp I 

xlura-: 8 . 
ttion: cm : a ,  a QS :qs : QS . 

a0 z 0,1 :~ .400 : 30 : 0.006 : . 
245 : 0.1 20.408 : 30 : O.i)i)T : 
325 : 2.8 :0,504 : h6 : 0.277 : lO,5 : 0.399 : 
452 : 7.0 :0.754 : rJI, : 1.236 : 37 : 3.519 : 
558 :lO.O :0.930 : lI.2 : 2.406 : 55 : 7.473 : 7.6 : 1.426 : 

I 665 :lO,O :l.lOS : 114 : 2.449 : 74 : 10.054 : 22.0 : 4.127 : 
I 
I 

780 :lO.O :1.300 : 170 : 3.652 r 94 : 12.772 : 37.5 : 7.035 : 
920 :10.O :1.533 : 205 : 4.403 :120 : 16.304 : 56 : 10.505 : 

UOO ;lO.O :1.833 : 250 : 5.370 :153 : 20.7s t 78 : U.632 : ~ 
1400 : 5.0 :2.333 : 325 : 3.49@:205 . :  13.927 :113 : 10.540 : 33 : 0.947 : 
1910 r 5.0 r3.U3 : 450 : 4.833 :300 : 20.381 :180 : 16.883 : 79 t 2.2.68 : 
3005 : 5.0 :4.008 : 735 : 7.894 :495 : 33.6243 :322 : 30.202 :lW : 5.225 : 63 :O.W t : . 
3995 r 2.0 :5,658 : 990 : 4,253 :670 : 18.207 :b5O r 16,883 :270 : 3.101 :123 :0.345 : : . 
LdJ.5 : 3,O :7.358 :UO : 7.088 :740 : 30.163 ~ 5 0 0  : 28.139 :310 : 5.340 :150 :0.531 : : . 1 
4765 : 3.0 :7.942 :11W : 7.668 :910 33.016 :550 :.30.952 :345 : 5.943 :175 :0.737 :36 :0.m : 
4950 : 3.0 :8,2$0 :1230 : 7.926 :840 : 34.239 :570 r 32.078 :360 r 6.201 :188 :0.791 :W, :0.093 : 
5000 24.0 :8.333 :l25O :38.795 :a50 : 161.685 $57: :151.010 :363 :29.181 :1W :3.732 :46 :0.451 : . . 6 . . . - :TCTAL LOAD . .  TO^& lo& ~/Jrq/ft width 81,781 : W6.555 : 354.U : 58,206 : 6.678 : 0.620 : 
Total load ~ / y r  49,069 : 249,933 : 212,647 : 34,924 r 4,007 : 372 350,952 'f/yr . : . . 2 
Pement of total  load . 8,91 x 45 3 : - 38.60 : 6,34 : 0.73 : 0.07 : 
&&t of t28i shown under flow duration; taken Iran 4 0 w  duration curve 

%% 

qw water discharge fn cfs/fi x.&h = &/width 
qs = sediment discharge in lb/hr/i't width; taken f m  sediment discharge curves 

QS = sediment discharge in ~ / y r / f t  width = lqa)(24) (365.25)(r)ercent of size in bed)(flou durotion) 
2,000 LOO 100 









Table L+s 

ILL(> GRhtlU3 LLEX;R~LL,LTLOII S'i'liUGS 
iI&RNj~iTlOii 2iLLCUi.,i~'I'1:OIJ 

1. Percent i n  bed 

5. Ceyth diverted 
b, Totd avGlable 
7. bepth removed 
6 .  Loepth rwadning : 
Y c  Fercent remuining : 

:0.098:0.06G: 0.065:-0,OU:-V~O10:-O.0~2:-O.C~02: 

1. Percent in b e a  :4,2 :30.9 2 :13.6 : 3.3 : 1.7 :1.5 :0.6 : 
2. Uepth in btjd 

7. Uepth removed 
6. Uepth recining 
-9 .  Percent remaidrag :0.5 :31.5 :4b.2 :U.4 : 3.5 : 1.8 :1.5 :0.6 : 
10, ~verage percent :2,L :3L.2 :45.2 :U.O : 3.4 
11. Uepth removea (average) :0.170: 0.206: 0.058: 0.010: 0.001: 
12. Uepth r e ~ i n i n g  
13. Ylcgrtrdation :0.106: 0.037:-0.023:-0 .OU+:;9.003 :&.OW 

4. Uepth enter- f r o m  t r i b  :O.i)lS: 0.028: 0.098: 0.W: ' 

5 e  b2tf1 diverted 
6. Totail aveiL&bl;s 
7. Uepth removed 

, 8, Lepth reruxining :0.041: 2.006: 3.053: 0.957: 0.232: 0.118:0.098:0.01;2:6. 
9 .  Percent remaining 
10. rcverage percent 

12, Wpth r e m a n g  
13. liegraaation :0.061: 0.001 :4.015:4.016 :-O .003:-0.002: 




